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| EXPLAINED UPON... 11 
Sir IS AAC NEW TON's PRINCIPLES: 
Of Aftronomy in general. 

T. F all the ſciences cultivated by mankind; Tue gene: 

Aſtronomy is acknowledged to be, and ral uſe of | 

Aſtronomyi 


undoubtedly is, the moſt ſublime, the moſt 
intereſting, and the moſt uſeful. For, by know- 
ledge derived from this ſcience, not only the bulk 
of the Earth is diſcovered, the ſituation and extent 
of the countries and kingdoms upon it aſcertained, 
trade and commerce carried on to the remoteſt 


parts of the world, and the various products of 


ſeveral countries diſtributed for the healtb, comfort, 
and conveniency of it's inhabitants; but our very 
faculties are enlarged with the grandeur of the ideas 
it conveys, our minds exalted above the low con- 
tracted prejudices of the vulgar, and our under- 
ſtandings clearly convinced, and affected with the 
conviction, of the exiſtence, wiſdom, power, good- 
neſs, immutability, and ſuperintendency of the 
SUPREME BEING! So that without an hy- 
perbole, ori movierdr | 
An undevout Aſtronomer is madd 

2. From this branch of knowledge we alſo learn 
by what means or laws the Almighty carries on, 
and continues the wonderful harmony, order, and 
connexion obſervable throughout the planetary 
lyſtem; and are led by very powerful arguments to 
torm this pleaſing deduction, that minds capable of 


Dr. Younc's Night Thoughts, 


ſuch 


: 


—— . — — — aro were the 


The Earth 
but a point 
as ſeen from 
the Sun. 


& Afronomy in general 


ſuch deep reſtarches, not only derive their origin 
from that adorable Being, but are alſo incited to 
aſpire after a more perfect knowledge of his nature, 
and a ſtricter conformity to his will. 

. By Aftronomy we diſcover that the Earth is 
at fo great a diſtance from the Sun, that if ſeen froin 
thence it would appear no bigger than a point; 
although it's circumference is known to be 25,020 
miles. Yet that diſtance is ſo ſmall, compared 


2 with the Earth's diſtance from the Fixed Stars, 


from us than we are from the Sun; 


diſtant from us; but that they are placed at im- 


The Stars 
are Suns, 


that if the orbit in which the Earth moves round 
the Sun were ſolid, and ſeen from the neareſt 


| Star, it would likewiſe appear no bigger than 2 
Point, although 1 it is at leaſt 162 millions of miles 


im diameter. For the Earth in going round the 


Sun is 162 millions of miles nearer to ſome of the 
Stars at one time of the year, than at another; 
and yet their apparent magnitudes, ſituations, and 
diſtances from one another ſtill remain the ſame; 
and a teleſcope which magnifies above 200 times 


does not ſenſibly magnify them: which prove: 
them to be at leaſt 400 theuſand- —_ - Zarther 


4. It is not to be imagined that all che Sears 2 are 
placed in one concave ſurface, fo as to be equally 


menſe diſtances from one another through unli- 
mited ſpace. So that there may be as great a dil- 
tance between any two neighbouring Stars, as be- 
tween our Sun and thoſe | which are neareſt to him. 
Therefore an Obſerver, who 1s neareſt any fixed 
Star, will look upon it alone as a real Sun; and 
conſider the reſt as ſo many ſhining points, placed 
at equal diſtances from him in the Firmament. 
5. By the helpof teleſcopes we diſcover thouſands 
* Stars which are inviſible to the bare eye; and 
the better our glaſſes are, ſtill the more become 
viſible: fo that we can ſet no limits either to their 
number or their diſtances. The celebrated Huy- 
GENS carried his thoughts ſo far, as to believe it 
3 : 84 ; ; not 
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inconceivable diſtances, that their light has not yet 
reached the Earth ſince it's creation; although 
the velocity of light be a million of times greater 
than the velocity of a cannon- bullet, as ſhall be 
demonſtrated afterwards, $ 197, 216: and, as 
Mr. App1s0v. very juſtly obſerves, this thought E 


far from being extravagant, when we conſider that 
the Univerſe is the work of infinite power, prompt- 


ed by infinite goodneſs; having an infinite ſpace to 
exert itſelf in; ſo that our imaginations can let no 
bounds. to it. 


6. The Sun appears very bright and large in why « the 


| compariſon of the Fixed Stars, becauſe we keep 


conſtantly near the Sun, in compariſon of our im- the Ster. 


menſe diſtance from the Stars. For, a ſpectator, 
placed as near to any Star as we are to the Sun, 
would ſee that Star a body as large and bright as 
the Sun appears to us: and a ſpectator, as far 
diſtant from the Sun as we are from the Stars, 


would ſee the Sun as ſmall as we ſee a Star, di- 
veſted of all it's circumvolving Planets; and would 


reckon it one of the Stars in numbering them. 


The Stars being at ſuch immenſe diſtances The stan 


from the Sun, cannot poſſibly receive from him ſo : 
ſtrong a light as they ſeem to have; nor any bright- 
neſs ſufficient to make them viſible to us. For 


the Sun's rays mult be ſo ſcattered and diſſipated 


before they reach ſuch remote objects, that they 
can never be tranſmitted back to our eyes, ſo as 
to render theſe objects viſible by reflection. The 
Stars therefore ſhine with their own native and un- 


borrowed luſtre, as the Sun does; and ſince each 


particular Star, as well as the Sun, is confined to a 
particular portion of ſpace, it is plain that the Stars 
are of the ſame nature with the Sun. 

8. It is no ways probable that the Almighty, 
who always acts with infinite wiſdom, and does no- 
thing in vain, ſhould create ſo many glorious Suns, 
fit for ſo many important purpoſes, and place them 

S -- „ 


cy impoſble that there may. be Stars at ſuch 


; 
| 
| 
4 
1 


Of Abroneny in n general. 


: ol 


per objects near enough to be benefited by their 
They re influences. Whoever imagines they were created 


probably only to give a faint glimmering light to the inha- 


ſurrounded 


by Planets, bitants of this Globe; muſt have a very ſuperficial 
knowledge of. Aſtronomy, and a mean opinion of 
the Divine Wiſdom : ſince, by an infinitely leſs 
exertion 'of creating power, the Deity could have 


iven our Earth much more light by one ſingle 


additional Moon. 
d. Inſtead then of one Sun and one World only 


in the Univerſe, as the unſkilful in Aſtronomy 
imagine, that Science diſcovers to us ſuch an in- 
' conceivable number of Suns, Syſtems, and Worlds, 
. diſperſed through boundlefs Space, that if our Sun, 
with all the Planets, Moons, and Comets, belong- 
ing to it, were annihilated, they would be no more 
miſſed, by an eye that could take in the whole 


Creation, than a grain of ſand from the ſea-ſhore. 


The ſpace they poſſeſs being comparatively ſo 
imall, that it would ſcarce: be a fenſible blank in 


the Univerſe, although Saturn, the outermoſt of 


our Planets, revolves about the Sun in an Orbit 
of 4884 millions of miles in circumference, and 


ſome of our Comets make excurſions upwards of 


ten thouſand millions of miles beyond Saturn's 
Orbit; and yet, at that amazing diftance, they are 
incomparably nearer to the Sun "than to any of the 
Stars; as is evident from their keeping clear of 


the attractive power of all the Stars, and returning 


. periodically by virtue of the Sun's attraction. 
Deb. 10. From what we know of our own Syſtem, it 
be habt. may be reaſonably concluded that all the reſt are 
ale, with equal wiſdom contrived, ſituated, and pro- 
vided with accommodations for rational inhabi- 
rants. Let us therefore take a ſurvey of the 
Syſtem to which we belong; the only one acceſ- 
ſible to us; and from thence we ſhall be the better 
enabled to judge of the nature and end of the 
a Sy gripe of the Univerte, For although 
there 
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at ſuch diſtances from one another, without pro- 
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chere is almoſt an infinite variety in the parts of | 
the Creation which we have Opportunities of exa- 


- mining, yet there 1s a general analogy running 


through, and connecting all the parts into one 
{cheme, one delign, one whole l 
11. And then, to an attentive conſiderer, it will 


appear highly probable, that the Planets of our 


Syſtem, together with their attendants called Satel- 
lites or Moons, are much of the ſame nature with _— — 
our Earth, and deſtined for the like purpoſes. ; 


For they are ſolid opaque Globes, capable of ſup- 


porting animals and vegetables. Some of them 


are bigger, ſome leſs, and ſome much about the 
ſize of our Earth. They all circulate round the 
Sun, as the Earth does, in a ſhorter or longer 
time, according to their reſpective diſtances from 
him; and have, where it would not be inconve- 
nient, regular returns of ſummer and winter, ſpring 
and autumn. They have warmer and colder 
climates, . as the various productions of our Earth 
require: and, in ſuch as afford a poſſibility of 
diſcovering it, we obſerve a regular motion round 
their axes like that of our Earth, cauſing an alter- 
nate return of day and night; which is neceſſary 
for labour, reſt, and vegetation, and that all parts 
of their ſurfaces may be expoſed to the rays of the 
Sun. 

12. Such of the Planets as are fartheſt n the The farthe& 
Sun, and therefore enjoy leaſt of his light, have eee 
that deficiency made up by ſeveral Moons, which wot Moons 
conſtantly accompany, and revolve about them, ee 
as our Moon revolves about the Earth. The 
remoteſt Planet has, over and above, a broad ring 
encompaſſing it; which ke a lucid Zone in the 
Heavens reflects the Sun's light very copiouſly on 
that Planet: ſo that if the remoter Planets have 
the Sun's light fainter by day than we, they have 
an addition made to it morning and evening by 


one or more of their Moons, and a Ercater quan- 


ty of light in the night-time, 
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6 3 Of Aftronomy in general. 

Oer Moen 13. On the ſurface of the Moon, becauſe it is 
ks nearer us than any other of the celeſtial Bodies 
the Earth, are, we diſcover a nearer reſemblance of our Earth. 

For, by the aſſiſtance of teleſcopes, we obſerve the 

Moon to be full of high mountains, large valleys, 

and deep cavities. Theſe ſimilarities leave us no 

room to doubt, but that all the Planets and 

Moons in the Syſtem are deſigned as commodious 

habitations for creatures endowed with capacities 

of knowing and adoring their beneficent Creator. 

14. Since the Fixed Stars are prodigious ſpheres 

of fire, like our Sun, and at inconceivable diſ- 

tances from one another, as well as from us, it is 
reaſonable to conclude they are made for the ſame 

8 that the Sun is; each to beſtow light, 
heat, and vegetation on a certain number of in- 

habited Planets, kept by gravitation within the 

ſphere of it's activity. Y 0 EH 
Numberley 15. What an auguſt! what an amazing concep- 
Fele. tion, if human imagination can conceive it, does 
" © this give of the works of the Creator! Thouſands 
of thouſands of Suns, multiplied without end, and 

ranged all around us, at immenſe diſtances from 

each other, attended by ten thouſand times ten 
thouſand Worlds, all in rapid motion, yet calm, 
regular, and harmonious, invariably keeping the 

paths preſcribed them; and theſe Worlds peopled 

with myriads of intelligent beings, formed for 
endleſs progreſſion in perfection and felicity, 

16. If ſo much power, wiſdom, goodneſs, and 
magnificence is diſplayed in the material Creation, 
which is the leaſt conſiderable part of the Univerſe, 

how great, how wiſe, how good muſt HE be, Wh 

Made and governs the Whole, 1 
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== CHAP. I. 

9 A brief Deſcription ef the Sol AA SYSTEM. 

1 | PVP | 
= 17. F*HE Sus, with the Planets and Comets PLATEL 
D £6 = a e e N 5 1 Fig. 1, 

; 1 which move round him as their center, con- 
ſtitute the Solar Syſtem. Thoſe Planets which are 
near the Sun not only finiſh their circuits ſooner, but 

W likewiſe move faſter in their reſpective Orbits, than 3. 


W choſe which are more remote from him. Their 

motions are all performed from weſt to eaft, ih 

Orbits nearly circular. Their names, diſtances, 
= bulks, and periodical revolutions, are as follow. 


4 18. The Sun O, an immenſe globe of fire, is The sus. 
== placed near the common center, or rather in the 
lower“ focus, of the Orbits of all the Planets and 
Comets +; and turns round his axis in 25 days 

6 hours, as is evident by the motion of ſpots ſeen _ 

on his ſurface. His diameter is computed to be“. I. 
763,000 miles; and, by the various attractions of 

the circumvolving Planets, he is agitated by a 


If a thread be tied looſely round two pins ſtuck in a table, 

and moderately ſtretched by the point of a black-lead- pencil 
carried round by an even motion and light preſſure of the hand, 

an oval or ellipſis will be deſcribed ; the two points where the 
pins are fixed being called the foc? or focufes thereof. The 
Orbits of all the Planets are elliptical, and the Sun is placed 
nor near to one of the foci of each of them: and that in which 
he is placed, is called the aver focus. ES 

I Aſtronomers are not far from the truth, when they 
. reckon the Sun's center to be in the lower focus of all the Pla- 
netary Orbits. Though ſtrictly ſpeaking, if we conſider the fo- 
cus of Mercury's Orbit to be in the Sun's center, the focus of 
Venus's Orbit will be in the common center of gravity of the 
Sun and Mercury; the focus of the Earth's Orbit in the com- 
mon center of gravity of the Sun, Mercury, and Venus; the 
focus of the Orbit of Mars in the common center of gravity of 
the Sun, Mercury, Venus, and the Earth; and io of the reſt. 
Yet, the focuſſes of the Orbits of all the Planets except Saturn, 
will not be ſenſibly removed from the center of the Sun ; nox 
will the focus of Saturn's Orbit recede ſenſibly from the com- 
mon center of gravity of the Sun and Jupiter, 


W 
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; PLATET. ſmall motion round the center of gravity of the 
} Syſtem.' All the Planets, as ſeen from him, move 
the ſame way, and according to the order of Signs 
n the graduated Circle 8 n 5 &c. which re- 
HRS 42 - preſents the great Ecliptic in the Heavens: but, as 
| ſeen from any one Planet, the reſt appear ſome- 
times to go backward, ſometimes forward, and 
ſometimes to ſtand ſtill; not in circles nor ellipſes, 
but in“ looped curves which never return into 
themſelves. The Comets come from all parts of 
b the Heavens, and move in all ſorts of directions. 
„ 19: Having mentioned the Sun's turning round 
his axis, and as there will be frequent occaſion to 
ſpeak of the like motion of the Earth and other 
— Planets, it is proper here to inform the young Tyro 
in Aſtronomy, that neither the Sun nor Planets 
have material axes to turn upon, and ſupport them, 
1 in the little imperfect machines contrived to 
of the — repreſent them. For the axis of a Planet is a line | 
ze, what: conceived to be drawn through it's center, about 
which it revolves as if on a real axis. Ihe extre- 
mities of this line, terminating in oppoſite points 
of the Planet's ſurface, are called it's Poles. That 
which points towards the northern part of the 
Heavens, i is called the North Pole; and the other, 
pointing towards the ſouthern part, is called the 
South Pole. A bowl whirled from one's hand into 
the open air turns round ſuch a line within itſelf, 
| whilſt it moves forward ; and ſuch are the lines 
we mean when we ſpeak of the Axes. of the 


ha 


ez Fo "a 


into 


Heavenly bodies. t 
Their Or- 20. Let us ſuppoſe the Earth's Orbit to be a l 
| birs are vat thin, even, folid plane; cutting the Sun through | 
©  plare wtth the center, and extended out as far as the Starry t 
the Leliptic. Heavens, where it will mark the great Circle called b 
the Ecliptic. This Circle we ſuppoſe to be divided : 
into 12 equal parts, called Signs; each Sign into U 
30 equal parts, called Degrees; each Degree into 

60 equal parts, called Minutes; and every Minute 
12s repreſentedin Plate LI. Fig. I. and deſeribed $1 38. S 
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1 into a equal parts, called Seconds: fo that: a Second PLATE 1. 
is the 6oth part of a Minute; a Minute the Goth 


part of a Degree; and a Degree the 360th part of 
a Circle, or goth part of a Sign. The Planes ef 
the Orbits of all the other Planets likewiſe cut the 
Sun in halves; but extended to the Heavens, form 
Circles different from one another, and from the 


Ecliptic; one half of each being on the 2 
ſide, and the other on the ſouth ſide of it. Con- Nodes. 


ſequently the Orbit of each Planet croſſes the Eclip- 

tic in two oppoſite points, which are called the Pla- 
net's Nodes. Theſe Nodes are all in different parts 
of the Ecliptic; - and therefore, if the planetary 
Tracks remained viſible in the Heavens, they would 
in ſome meaſure reſemble the different ruts of 


0 waggon-wheels. croffing one another in different 


parts, but never going far aſunder. That Node, 
or Interſection of the Orbit of any Planet with the 
Earth's Orbit, from which the Planet aſcends north- 
ward above the Ecliptic, is called the Aſcending 
Node of the Planet; and the other, which is di- 
rectly oppoſite thereto, is called it's Deſcending Node. 


Saturn's Aſcending Node is in 21 deg. 13 min. of here fitus' 


Cancer z, Jupiter's in 7 deg. 29 min. of the ſameated. 
Sign, Mars's in 19 deg. 17 min. of Taurus 8, 
Venus's in 13 deg. 59 min. of Gemini n, and 
Mercury's in 14 deg. 43 min. of Taurus, Here 
we conſider the Earth's Orbit as the ſtandard, and 
the Orbits of all the other Planets as oblique to it. 


21. When we ſpeak of the Planets Orbits, all The on. 


that is meant is their Paths through the open and ant 
unreſiſting Space in which they move; and are 
kept in, by the attractive power of the Sun, and 
the projectile force impreſſed upon them ar firſt : 
berween which power and force there is ſo exact 
an adjuſtment, that they continue in the ſame 
tracks without any ſolid Orbits to confine them. 


22. Magcukx, the neazelt Planet to the Sun, Mercu:ye 
goes round him (as in the circle marked z) in 87 fis. 


days 


120 
9 
BLATE 1. 
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days 23 hours of our time 1 which is the 
length of his year. But being 

no ſpots appearing on his ſurface or diſc, the time 
of his rotation on his axis, or the length of his 
days and nights, f is as yet unknown, His diſtance | 


eldom ſeen, and 


from the Sun is computed to be 32 millions of 


miles, and his diameter 2600. In his courſe 
round the Sun, he moves at the rate of 95 thou- 
ſand miles every hour. His light and heat from 


the Sun are almoſt ſeven times as great as ours; 
and the Sun appears to him almoſt ſeven times as 
large as to us. The great heat on this Planet is 


no argument againſt it's being inhabited; ſince 


Has Hke 


the Almighty could as eaſily ſuit the bodies and 


conſtitutions of it's inhabitants to the heat of their 


dwelling, as he has done ours to the temperature 
of our Earth. And it is very probable that the 


eople there have ſuch an opinion of us, as we 
bare of the inhabitants of Jupiter and Saturn; 
namely, that we muſt be intolerably cold, and 


have very little light at ſo great a diſtance from the 


Sun. | 
23. This Planet appears to us with all the vari- 


phaſes with OUS phaſes of the Moon, when viewed at different 


oon. 


times by a good teleſcope; ſave only that he never 


appears quite Full, becauſe his enlightened ſide is 4 


never turned directly towards us but when he is 


ſo near the Sun as to be loſt to our fight in it's 


beams. And, as his enlightened ſide is always to- 


His Orbit 


and Nodes. 


ward the Sun, it is plain that he ſhines not by any 


light of his own; for if he did, he would con- 
ſtantly appear round. That he moves about the 


Sen in an Orbit within the Earth's Orbit is alſo 
plain (as will be more largely ſhewn by and by, 
$ 141, & ſeg.) becauſe he is never ſeen oppoſite 
ro the Sun, nor above 56 times the Sun's breadth 


from his center. 
24. His Orbit is inclined ſeven degrees to the 


Ecliptic ; and that Node, F 20, from which he 


| aſcends northward above the Ecliptic, is in the 
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14th degree of Taurus; the oppoſite, in the Lach vi PLATE 1, 
degree of Scorpio. The Earth is in theſe points 

on the 6th of November and 4th of May, new ſtyle; - 

and when Mercury comes to either of his Nodes 

at his“ inferior Conjunction about theſe times, he 

will appear to paſs over the diſc or face of the Sun. 
like a dark round ſpot. But in all other parts of 
his Orbit his Conjunctions are inviſible, becauſe 
he either goes above or below the Sun, 3 
235. Mr. Wnis row has given us an account of Whes by. 
ſeveral periods at which Mercury may be ſeen on 5 
the Sun's diſc, viz. In the year 1782, Nov. 12th, the San. 
at 2 h. 44 m. in the afternoon :; 1786, May 4th, 

at 6 h. 57 m. in the forenoon: 1789, Dec. 6th, at 

3 h. 55 m. in the afternoon; and 1799, May th, 

at 2 h. 34 m. in the afternoon. There will be 

ſeveral intermediate Tranſits, but none of them 


viſible a l London. 


26. Venvus, the next Planet in order, is com- Venue, 

puted to be 5g millions of miles from the Sun; 

and by moving at the rate of 69 thouſand miles - 
every hour in her Orbit (as in the circle marked 2) *'* N 
ſhe goes round the Sun in 224 days 17 hours of 

our time nearly; in which, though it be the full 
length of her year, ſhe has only 94 days, accord- 
ing to BIANCHLIxI's obſervations; ſo that, to her, 
every day and night together is as long as 245 days 


3 and nights wich us. This odd quarter of a day in 


every year makes every fourth year a leap-year to 


venus; as the like does to our Earth. Her dia- 


meter is 7900 miles; and by her diurnal motion 
the inhabicants about her Equator are carried 43 
miles every hour, beſides the 69,000 above-men- 
tioned, | 
27. Her Orbit includes that of Mercury within Her Orbit 

it; for at her greateſt Elongation, or apparent diſ- © * 


tance from the Sun, ſhe 1s 96 times his breadth aner- 


cury. 
When he is between the Earth and the Sun in the nearer 
part of his Orbit. \ 


from 


07 the 8 br Hen, 


; from his center; which is almoſt double of Mer: 
cury's. Her Orbit is included by the Earth's; for 
if it were not, ſhe might be ſeen as often in Oppo- 
ſition to the Sun, as ſhe is in Conjunction with 
him; but ſhe was never ſeen go degrees, or a 

| fourth part of a Circle, from the Sun. 
m_ 8 When Venus appears welt of the Sun, ſhe 
evening Star Tiſes before him in the morning, and is called the 
by turns. Morning Star: when ſhe appears eaſt of the Sun, 
ſhe ſhines in the evening after he ſets, and is then 
called the Evening Star: being each in it's turn 
for 290 days. it may perhaps be ſurpriſing at 
firſt, — Venus ſhould keep longer on the eaſt or 
welt of the Sun, than the whole time of her Pe- 


riod round him. But the difficulty vaniſhes when 


we conſider that the Earth is all the while going 
round the Sun the ſame way, though not ſo quick 
as Venus: and therefore her relative motion to 
the Earth muſt in every Period be as much flower 
than her abſolute motion in her Orbit, as the 
Earth during that time advances forward in the 
Ecliptic; which is 220 degrees. To us ſhe ap- 
pears through a teleſcope in all the various ſhapes 
ot the Moon. 

29. The Axis of Venus 1s "aſd 75 degrees 
to the Axis of her Orbit; which is 314 degrees 
more than our Earth's Axis is inclined to > the Axis 

of the Ecliptic: and therefore her ſeaſons . vary 


much more than ours do. The North Pole of her 


Axis inclines toward the 20th degree of Aqua- 
rius, our Earth's to the beginning of Cancer; 
conſequently the northern parts of Venus have 
ſummer in the Signs where thoſe of our Earth 
have winter, and vice verſa. : 
do. The * artificial day at each Pole of Venus 
_ appearances, . 
7 is as long as 112+ Þ natural days on our Earth. 


Her Tropics 3 1. The Sun's greateſt Declination on each ſide 


1 
Gow Of her Equator amounts to 75 degrees; therefore 


Gituated, The time between the Sun's riſing and ſetting. 


+ One entire — or 24 hours. 4 
| -her 
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her* T ropics are only. 15 degrees from her Poles; 
and her + Polar Circles as far from her Equator. 
| Conſequently, the Tropics of Venus are between 


her Polar Circles and her Poles; contrary to what 
thoſe of our Earth are. 


* 


32. As her annual Revolution contains cialy 97 The Sun's 
of her days, the Sun will always appear to go <#lyCourlſe, 


through a whole Sign, or twelfth. Part of her 
Orbit, in little more than three quarters of her 
natural day, or nearly in 184 of our days and 
nights. 

33. Becauſe her day is ſo great a part of her 
year, the Sun changes his Declination in one day 


ſo much, that if he paſſes vertically, or directly 


over head of any given place on the Tropic, the 
next day he will be 26 degrees from it: and what- 


ever place he paſſes vertically over when in the 
Equator, one day's revolution will remove him 


36% degrees from it. So that the Sun changes 


his Declination every day in Venus about 14 de- 
grees more at a mean rate, than he does in a quarter 


of a year on our Earth. This appears to be pro- 


videntially ordered, for preventing the too great 


effects of the Sun's heat (which is twice as great on 
Venus as on the Earth) ſo that he cannot ſhine 


perpendicularly on the ſame places for two days to- 


gether; and on that account, the heated places have 
time to cool. 


34. If the inhabitants about the North Pole of 7 deter- 


Venus fix their South, or Meridian Line, through wine the 


and great 
Declination. 


O 
points of the 
that part of the Heavens where the Sun comes to Compass at 


his greateſt Height, or North Declination, and call her Poles, | 


* Theſe are leſſer circles parallel to the Equator, and as 
many degrees from it, towards the Poles, as the Axis of the 


Planet is inclined to the Axis of it's Orbit. When the Sum is 5 


advanced ſo far north or ſouth of the Equator, as to be directly 
over either T ropic, he goes no farther; but returns towards 
the other. . 


T Theſe are leſſer circles round the Poles. and as far from 


them as the Tropics are from the Equator. The Poles are the 
very north and ſouth points of the Planet, | 


4 thoſe 
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- where the Horizon js cut by the Meridian $64 


le appearances.. _-. | 


5 ab 12 JV > 8 e 2 © 8 
he Sun will riſe 22 degrees“ north of the 


the plane of the + Horizon, he will croſs the Me- 


»- x & 


it again at an altitude of 482 degrees; at the 
+++ +... next revolution he will croſs the Meridian as he 
= 0 comes to his greateſt height and declination, at the 
_ = altitude of 75 degrees; being then only 15, degrees 
from the Zenith, or that point of the Heaven 
at her Poles. Which is directly over head: and thence. he will 
deſcend in the like ſpiral manner; croſſing the 
Meridian firſt at the altitude of 484 degrees; next 
at the altitude of 124 degrees; and going on thence 
112+ degrees, he will ſet 224 degrees north of the 
Weſt; ſo that, after having been 44 revolutions 
above the Horizon, he deſcends below it to exhibit 
the like appearances at the South Pole. 
ea 


" 


Surpriſing 
appearances 


33. At each Pole, the Sun continues half ay 
without ſetting in ſummer, and as long without 
riſing in winter ; conſequently the polar inhabi- 
tants of Venus have only one day and one night in 

the year; as it is at the Poles of our Earth. But 

the difference between the heat of ſummer and cold 
of winter, or of mid-day and mid-night, on Ve- 
nus, is much greater than on the Earth: becauſe 

on Venus, as the Sun is for half a year together 


is for a conſiderable part of that time near the Ze- 


nith; and during the other half of the year always 
Ill! ; below the Horizon, and for a great part of that 
Wl | time at leaſt 70 degrees from it. Whereas, at the 


* F: Degree is a 360th part of any Circle, See 5 22. 
+ The Limit of any inhabitant's view, where the Sky ſeems 
te touch the Planet all round him. | 


Polcs 


dane che Faſt and Welt points of their Horizon, 
'Þ which are go degrees on each fide from that 


eſe inhabitants will have the following remark- 


going on 1.1244 degrees, as meaſured. on 


dian at an altitude of 124 degrees; then making | 
an entire revolution without fetting, he will croſs 


eavens 


above the Horizon of each Pole in it's turn, fo he 
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Poles of our Earth, althoug h the Sun is for half a 
year together above the Horizon; yet he never af 
cends above, nor deſcends below it, more than 232 
degrees. When the Sun is in the Equinoctial or 
in that Circle which divides the northern half of 
the Heavens from 'the ſouthern, he is ſeen with 
one half of his Diſc above the Horizon of the North - 
Pole, and the other half above the Horizon of the 
South Pole ; ſo that his center is in the Horizon 
of both Poles : : and then deſcending. below the 
Horizon of one, he aſcends gradually above that 
of the other. Hence, in a year, each Pole has one 
ſpring,. one harveſt, a ſummer as long as them 
both, and a winter equal in * to the other 
three ſeaſons. 

36. At the Polar Circles of Venus, che ſeaſdns z RED 
are much the ſame as at the Equator, becauſe ole 
there are only 15 degrees between them, F 31 | 
only the winters are not quite ſo long, nor the 
ſummers ſo ſhort : but the four ſeaſons come twice 


round every year. 


37. At Venus's Tropics, the Sun continues for At her 
about fifteen of our weeks together without ſetting Tropicte 
in ſummer; and as long without riſing in winter. | 
Whilſt he is more than 15 degrees from the Equa- 
tor, he neither riſes to the inhabitants of the one 
Tropic nor ſets to thoſe of the other: whereas, 
at our terreſtrial Tropics, he riſes and ſets every 
day of the year. | 

38. At Venus's Tropics, the Seaſons are mych 
the ſame as at her Poles; only the ſummers are a 
little longer, and the winters a little ſhorter. 

29. At her Equator, the days and nights are at ter 
always of the ſame length; and yet the diurnal Equatere | 
and nocturnal Arches are very different, eſpecially 
when the Sun's declination is about the greateſt : 
for then, his meridian altitude may ſometimes be 
twice as great as his midnight depreſſion, and at 
other times the reverſe. When the Sun is at his 


greateſt Declination, either North or South, his 


rays 


of + the Solar Gem. 


rays are as oblique at Venus's Equator, as they | 


are. at London on the ſhorteſt day of winter. 
Therefore, at her Equator. there are two winters, 
two ſummers, two ſprings, and two autumns every 
year. But becauſe the Sun ſtays for ſome time 
near the Tropics, and paſſes ſo quickly over the 


Equator, every winter there will be almoſt twice as 


long as ſummer: the four ſeaſons returning twice 
in that time, which conſiſts only of 94 days. 


40. Thoſe parts of Venus which lie between the 


Poles and Tropics, and between the Tropics and 
Polar Circles, and alſo between the Polar Circles 
and Equator, partake more or leſs of the Pheno- 
mena of theſe Circles, as they are more or leſs diſ- 
tant from them. 


Great diffe- 41. From the quick change of the Sun's decli- 


1 nation it happens, that if he riſes due eaſt on any 
n's am- 


plitude ar day, he will not ſet due weſt on that day, as with 


ring and us; for if the place where he riſes due eaſt be on 


** the Equator, he will ſet on that day almoſt weſt- 


north-weſt; or about 184 degrees north of the 
Weſt. But if the place be in 45 degrees north lati- 
tude, then on the day that the Sun riſes due eaſt 


he will ſet north-weſt by weſt, or 33 degrees north 


of the welt. And in 62 degrees north latitude, 
when he riſes in the eaſt, he ſets not in that revo- 
lution, but juſt touches the Horizon 10 degrees to 
the weſt of the north point; and aſcends again, 
continuing for 34 revolutions above the Horizon 
without ſetting. Therefore no place has the fore- 


noon and afternoon of the ſame day- equally long, 


unleſs it be on the Equator, or at the Poles, 

The longi- 42. The Sun's altitude at noon, or any other 
tude of 

places cafily time of the day, and his amplitude at riſing and 

Vena, ſetting, being very different at places on the ſame 
cus. 

arallel of latitude, according to the different lon- 

gitudes of thoſe places, the longitude will be almoſt 

as eaſily found on Venus, as the latitude is found 

on the Earth: which is an advantage we can never 

have, becauſe the daily change of the Sun's decli- 


nation 


A. x Rex cw twi* i. 


Of the Solar fn. 17 


nation is by much too ſmall for that important 
purpoſe 
On this Planet, where thi Sun croſſes the Her Fqui. 
Equatot in any year- he will have 9. degrees of 3 
declination from that place on the fame day and ay forward 
hour next year; and will croſs the Equator go de- . 
grees farther to the weſt; which makes the time 
of the Equinox a quarter of a day (or about ſix of 
our days) later every year. Hence, although the 
ſpiral in which the Sun's motion is performed, be 
of the ſame ſort every year, yet it will not be the 
| very ſame, becauſe the Sun will not paſs vertically 
| over the ſame places till four annual revolutions 
are finiſhed, 

44. We may "4 that the inhabitants of Every fourth 
Venus will be careful to add a day to ſome par- Jer Ve. 
N ticular part of every fourth year; which will keep nus. 
| WH the ſame ſeaſons to the fame days. For, as the 
3 great annual change of the Equinoxes and Solftices 
ſhifts the ſeaſons. a quarter of a day every year, 
7 they would be ſhifted through all the days of the 


year in 36 years. But by means of this inter- 


t calary day, every fourth year will be a leap-yearz _ 
n Which will bring her time to an even reckoning, | 
5 and keep her Calendar always right. | 
7 45. Venus's Orbit is inclined 234 degrees to the When the 
0 Earth's z and croſſes it in the 14th degree f 
ly mini.and of Sagittarius; and therefore, when the i 
n Earth is about theſe points of the Ecliptic at the 
* time that Venus is in her inferior conjunction, ſhe 
4 will appear like a ſpot on the Sun, and afford a 
more certain method of finding the diſtances of all 
T the Planets from the Sun, than any other yet 
d known, But theſe appearances happen very ſel- 
Ie dom; and will only be twice viſible at London for 
1 one hundred and ten years to come. The firſt 
{t time will be in the year 1761, June the 6th, in 
55 the morning; and the ſecond, on the 3d of June 


in the evening. Excepting ſuch Tranfits as theſe, 
ſhe ſhews the ſame appearances to us regularly 
C every 


She may 

have a 

Moon, al- 
though we 

cannot ſee 
"Its 


Fig. 1, 


and annual 
motion, 


The Earth. 
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every eight years; her Conjunctions, Elongations, 
and Times of riſing and ſetting, being very nearly 
the ſame, on the ſame days, as before. 

46. Venus may have a Satellite or Moon, al- 
though it be undiſcovered by us: which will not 
appear very ſurpriſing, if we conſider how incon- 
veniently we are placed for ſeeing it. For it's en- 
lightened ſide can never be fully turned towards 
us, but when Venus is beyond the Sun; and then, 
as Venus appears little bigger than an ordinary 
Star, her Moon may be too ſmall to be perceived 
at ſuch a diſtance. When ſhe is between us and 
the Sun, her full Moon has it's dark fide towards 
us; and then we cannot ſee it any more than we 
can our own Moon at the time of Change. When 
Venus 1s at her greateſt Elongation, we have but 
one half of the enlightened ſide of her Full Moon 
towards us; and even then it may be too far dil- 
rant to be ſeen by us. But if ſhe has a Moon, it 
may certainly be ſeen with her upon the Sun, 1n 
the year 1761, unleſs its Orbit be conſiderablj 
inclined to the Ecliptic: for if it ſhould be in con- 
junction or oppoſition at that time, we can hardly 
imagine that it moves ſo ſlow as to be hid by 
Venus all the {ix hours that ſhe will appear on the 
Sun's Diſc *. 
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47. The EARTH is the next Planet above Venus 
in the Syſtem. It is 82 millions of miles from 
the Sun, and goes round him (as in the circle ®) 
in 365 days 5 hours 49 minutes, from any Equi- 
nox or Solſtice to the ſame again: but from any 
fixed Star to the ſame again, as ſeen from the Sun, Minh 


Te's diurnal in 265 days 6 hours and 9 minutes; the former NEA 


being the length of the Tropical year, and the 
latter the length of the Sydereal. It travels a: W * 
the rate of ;8 thouſand. miles every hour; which 
motion, though 120 times {wifter than that of 3 

® The tranſit is over fince this was wrote, and no Satellite 


Was ſeen with Venus on 2 the Sun's Diſc. 
Cannon: 
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cannon- ball, is little more than half as wilt 28 


Mercury's motion in his Orbit. The Earth's dia- 
meter is 7970 miles; and by turning round it's 
Axis every 24 hours from Welt to Eaſt, it cauſes 
an apparent diurnal motion of all the heavenly 
Bodies from Eaſt to Weſt. By this rapid motion 
of the Earth on its Axis, the inhabitants about 
the Equator are carried 1042 miles every hour, 
whilſt thoſe on the e of London are carried 
only about 380, beſides the 58 thouſand miles by 
the annual motion above-mentioned, which 15 com- 
mon to all places whatever. 


48. The Earth's Axis makes an angle of 23+ Taclination 
degrees with the Axis of it's Orbit; and e e 


always the ſame oblique direction; inclining to- 
wards the ſame fixed Stars * throughout it's annual 
courſe, which cauſes the returns of ſpring, ſum- 
mer, autumn, and winter; as will be FO HOO at 
large in the tenth Chapter. 


49. The Earth is round like a globe; as ap- A proof of 


pears, 1. By it's ſhadow in Eclipſes of the Moon; 1 Pins 


which ſhadow is always bounded by a circular line, 

314. 2. By our ſeeing the maſts of a ſhip whilſt 
the hull is hid by the convexity of the water. 
3. By it's having been ſailed round by many navi- 


gators. The hills take off no more from the 


roundneſs of the Earth in compariſon, than grains 


of duſt do from the roundneſs of a common 
Globe. 


50. The ſeas and unknown parts of the Earth It's number 


f ft 
(by a meaſurement of the beſt Maps) contain 160 jus, 


million 522 thouſand and 26. ſquate miles; the 
inhabited parts 38 million 990 thouſand 569 : 
Etrope 4 million 456 thouſand and 65 Alia to 


This is not ſtrictly true, as will appear when we come to 
treat of the Receſſion of the Equinoctial Points in the Beavens, 
9246; which receſſion is equal to the deviation of the Earth's 
Axis from it's paralleliſm: 15 this is rather too ſmall to be 


ſenſible in an age, except to thoſe who make very aice obſer- 
Vations; 


C 2 million 
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illion 768 thouſand 82 3; Africa ꝗ million 654 
thobfand 807; America 14 million 110 thouſand 
874. In all, 199 million 312 thouſand. 595; 
which is. the number of ſquare miles on the whole 
ſurface of our Globe. 

51. Dr. Lox, in the firſt volume 4 his Aſtro- 
nomy, p. 168, mentions an inge nious and eaſy me- 
thod of finding nearly what proportion the land 
bears to the ſea; which is, to take the papers of a 
large terreſtrial globe, and after ſeparating the land 
from the ſea with a pair of ſciſſars, to weigh them 
carefully in ſcales. This ſuppoſes the globe to be 
exactly delineated, and the papers all of equal 
thickneſs. The Doctor made the experiment on 
' the papers of Mr. Senex's ſeventeen- inch globe; 
and found that the ſea papers weighed 349 grains, 
and the land only 124: by which. it appears that 
almoſt three fourth parts of the ſurface ofour'Earth 
between the Polar Circles are covered with, water, 
and that little more than one fourth, is. dry land. 
The Doctor omitted weighing all within the Polar 
Circles; becauſe there is no certain meaſurement 
of the land within them, ſo as to know what pro- 
portion it bears to the ſea. 


82. The Moos | is not a Planet, but only a Satel- 
lite or Attendant of the Earth; going round the 
Earth from Change to Change in 29 days 12 hours 
and 44 minutes; and round "the Sun with it every 
year. The Moon's diameter is 2180 miles; and 
her diſtance from. the, Earth's.center 240 thouſand. 
She goes round her Orbit in 27 days 7 hours 43 
minutes, moving about 2290 miles every hour; 
and turns round her Axis exactly in the time that 
ſhe goes round the Earth, which is the reaſon of 
her keeping always the ſame ſide towards us, and 
that her day and night aalen together! is as long as 
our lunar month. © 

53. The Moon is an opaque Globe like the 
Earth, and ſhines Tp * reflecting he light 

| the 
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the Sun: : therefore whilſt that half of her Aich is 


towards the Sun is enlightened, the other half muſt 
be dark and inviſible. Hence, ſhe diſappears when Her phaſes, 
ſhe comes between us and the Sun; becauſe ber 
dark ſide is then towards us. When ſhe is gone 


2 little way forward, we lee a little of her calight- 


ened fide; which ſtil increaſes to our view, as ſhe 
advances forward, until ſhe comes to be oppolite to 
the Sun; and then her whole enhghtened ſide is 
towards the Earth, and ſhe appears with a round, 
illumined Orb, which we call the Full Myon: her 
dark fide being then turned away from the Earth. 
From the F all ſhe ſeems to decreaſe gradually as 
ſhe goes through the other half of her courſe; ſhew- 
ing us leſs and leſs of her enlightened ſide every 
day, till. her next, change or conjunction with the 
Sun, and then ſhe diſappears as before. 


54. This continual change of the Moon's phaſes A proof that 


ines 


demonſtrates that ſhe ſhines not by any light of not by her 
her own : for if ſhe did, being globular, we ſhould on light. 


always ſee her with a round full Orb like the Sun. 


Her Orbit is repreſented” in the Scheme by the 
little circle m, upon the Earth's Orbit S: but ic Fig. 1, 
is drawn fifty times too large in proportion to the 


Earth's; and yet is almoſt too tall to be ſeen in 
the Diagram. | 


55. The Moon has ſcarce any difference of ſea- One half of | 


er always 


ſons; her Axis being almoſt perpendicular to the enlightened. 
Ecliptic. What is very ſingular, one half of her 

has no darkneſs at all; the Earth conſtantly afford- 

ing it a ſtrong light in the Sun's, abſence; while 

the other half has a fortnight's. darkneſs and a fort- 

night's light by turns. 

86. Our Earth is a Moon to the Moon, waxing Our Earth is 
and weaning regularly, but appearing thirteen times . 
as big, and affording her thirteen times as much 
light, as ſhe does to us. When ſhe changes to us, 
the Earth appears full to her; and when ſhe is in 
her firſt quarter to us the Earth is in it's third 
quarter to her; and vice vera. | * 
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A Proof of 
the Moon's 
Having no 
Atmo- 
ſphere, 


had, we could never ſee her edge ſo well defined : 
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87; But from one half of the Moon, the Earth 
Bf never ſeen at all: from the middle of the other 
half, itis always ſeen over head; turning round al- 
moſt thirty times as quick as the Moon does. 
From the circle which limits our view of the Moon, 
only one half of the Earth's ſide next her is ſeen; 


the other half being hid below the Horizon of all 


ran on that circle. To her, the Earth ſeems to 
e the biggeſt body in the Univerſe; for it ap- 
pears thirteen rere as big as ſhe does to us. 

58. The Moon has no Atmoſphere of any viſi- 
ble denfity ſurrounding her as we have : for if ſhe 


as it appears; but there would be a ſort of a miſt 
or hazineſs around her, which would make the 
Stars look fainter, when they are ſeen through it. 
But obſervation proves, that the. Stars which diſap- 
pear behind the Moon, retain their full luſtre until 
they ſeem to touch her very edge, and then they 
vaniſh in a moment. This has been often obſerved 
by Aſtronomers, but particularly by CAssIxI of 
the Star y in the breaſt of Virgo, which appears 
fingle and round to the bare eye; but through a 
refracting Teleſcope of 16 feet appears to be two 
Stars ſo near together, that the diftance between 
them ſeems to be but equal to one of their appa- 
rent diameters. The Moon was obſerved to paſs 
over them on the 2 1ſt of April, 1720, N. S. and as 
her dark edge drew near to them, it cauſed no 
. in their colour or ſituation. At 25 min. 

ſee. paſt 12 at night, the moſt weſterly of theſe 
5 ars was hid by the dark edge of the Moon; and 
in 30 ſeconds afterwards, the moſt eaſterly Star was 
hid: each of them diſappearing behind the Moon 
in an inſtant, without any preceding diminution 
of magnitude or brightneſs; which by no means 
could have been the caſe if there were an Atmo- 
{ſphere round the Moon; for then, one of the Stars 
falling obliquely into it before the other, ought by 


0 NMerraires q dead, ann. 1720. 
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refract ion to have ſuffered ſome change in it's co- 
lour, or in it's diſtance from the other Star which 
was not yet entered into the Atmoſphere. But no 
ſuch alteration could be perceived, though the ob- 
ſervation was performed with the utmoſt attention 


made ſuch a diſcovery. The faint light, which has 
been ſeen all round the Moon, in total Eclipſes of 
the Sun, has been obſerved, during the time of 
darkneſs, to have it's center coincident with the 
center of the Sun; and was therefore much more 


2 likely to ariſe from the Atmoſphere of the Sun, 


than from that of the Moon; for if it had been 


ſowing to the latter, it's center would have gone 
flalong with the Moon's. 


59. If there were ſeas in the Moon, ſhe could 


have no clouds, rains, nor ſtorms, as we have; 
& | becauſe ſhe has no ſuch Atmoſphere to ſupport 


the vapours which occaſion them. And every one 


knows, that when the Moon is above our Horizon 


in the night-time, ſhe is viſible, unleſs the clouds 


of our Atmoſphere hide her from our view; and 


all parts of her appear conſtantly with the ſame 


always dark on the ſides next the Sun; which de- 


{| monſtrates their being hollow: and moſt of theſe 
pits have little knobs like hillocks ſtanding within 


them, and caſting ſhadows alſo ; which cauſe theſe 


tor if there were any, their ſurfaces would appear 
ſmooth and even, like thoſe on the Earth. | 

60. There being no Atmoſphere about the 
Moon, the heavens in the day-time have the ap- 
| 4 Pearance 
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to that particular; and was very proper to have 


Nor Seas. 


clear, ſerene, and calm aſpect. But thoſe dark she is full \ 
parts of the Moon, which were formerly thought e 

to be ſeas, are now found to be only vaſt deep 
{| cavities, and places which reflect nor the Sun's 
light fo ſtrongly as others, having many caverns 
and pits whoſe ſhadows fall within them, and are 


and deep 
pits, 


places to appear darker than others which have 
fewer, or leſs remarkable caverns. - All theſe ap- 
| Pearances ſhew that there are no ſeas in the Moon; 


The Stirs 
always viſi- 
ble to the 
Moon, 
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pearance of night to a Lunarian who turns his 
back toward the Sun; and when he does, the Stars 
appear as bright to bim as they do in the night to 
us. For, it is entirely owing to our Atmoſphere 
that the Heavens are bright about us in the day. 

61. As the Earth turns round it's Axis, the 
ſeveral continents, ſeas, and iſlands appear to the 
Moon's inhabitants like ſo many ſpots of different 
forms and brightneſs, moving over it's ſurface; 
but much fainter at ſome times than others, as our 

The ports. Clouds cover them or leave them. By theſe ſpots | 
a Dial to the 
Moon. the Lunarians can determine the time of the 
Earth's diurnal motion, juſt as we do the motion 
of the Sun: and perhaps they meaſure their time 
by the motion of the Earth's ſpots; for they can- 
not have a truer dial. 

62. The Moon's Axis 1s fo nearly perpendicular 
to the Ecliptic, that the Sun never removes ſen- 
fibly from her Equator: and the“ obliquity of 
her Orbit, which is next to nothing as ſcen from 
the Sun, cannot cauſe the Sun to decline ſenſibly | 

How the from her Equator, Yet her inhabitants are not 
Ne deſtitute of means for aſcertaining the length of 
the length their year, though their method and ours muſt 
cher geatg differ, For we can know the length of our 
year by the return of our Equinoxes; but the 
Lunarians, having always equal day and night, 

mult have recourſe to another method; and we 

may ſuppoſe, they meaſure their year by obſerving 

when either of the Poles of our Earth begins to 

be enlightened, and the other to diſappear, which 

is always at our Equinoxes; they being conve- 

niently ſituated for obſerving great tracks of land 

about our Earth's Poles, which are entirely un- 

known to us. Hence we may conclude, that the 
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* The Moon's Orbit croſſes the Ecliptic in two oppoſite 
points, called the Moon's Nodes; ſo that one half of her Orbit 
is above the Ecliptic, and the other! half below 1 it. The Angle 


pf! its Obliquity i is 55 degrecy; 


6 Earth 
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Earth and Moon, though very different as to the PLATE L 
number of days: we having 3655 natural days, 

and the Lunarians only 124; every day and night 

in the Moon being as long as 292 on the Earth. 

63. The Moon's inhabitants on the. fide next and the lons 
the Earth may as eaſily find the longitude of their —. 9 
places as we can find the latitude of ours. For 
the Earth keeping conſtantly, or very nearly ſo, 
over one Meridian of the Moon, the eaſt or weſt 
diſtances of places from that Meridian are as eaſily 
found, as we can can find our diſtance from the 


Equator by the Altitude of our celeſtial Poles, 


264. -L 8 Planet Mazs is next in order, being Mars; 
the firſt above the Earth's Orbit. His diſtance 
from the Sun is computed to be 125 millions of 
miles; and by travelling at the rate of 47 thou- 
ſand miles every hour, as in the circle @ , he goes Fig. * 
round the Sun in 686 of our days and 23 hours; 
which is the length of his year, and contains 6674 
of his days; every day and night together being 
40 minutes longer than with us. His diameter is 
4444 miles, and by his diurnal rotation the inha- 
bitants about his Equator are carried 556 miles 
every hour, His quantity of light and hear is 
equal but to one halt of ours ; and the Sun appears 
but half as big to him as to us. 

65. This Planet being bur a fifth part fo big as 
the Earth, if any Moon attends him, ſhe muſt be 
very ſmall, and has not yet been diſcovered, by 


| our beſt teleſcopes. He is of a fiery red colour, 
| and by his Appulſes to ſome of the fixed Stars, 


ſeems to be encompaſſed by a very groſs Atmo- 
ſphere. He appears ſometimes gibbous, but never His Atmoe 
horned ; which both ſhews that his Orbit includes 7 wi 
the Earth's within it, and that he ſhines not by his 
own lighg 

66. To Mars, our Earth and Moon appear 
Ss two Moons, a bigger and a leſs; changing 
places with one ne, and pe ing 3 

| orne 


How the 


other Pla- 3 


nets apptar 
to Mars. 


The num- 
ber of days 
in his year. 


His Belts 
and ſpots, 
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horned, "ſometimes half or three quarters inumi⸗ 
nated, Bit never full; nor at moſt above one quar- 


ter of a degree from each other, although they are 
240 thouſand miles aſunder. 

67. Our Earth appears almoſt as big to Mars 
as Venus does to us, and at Mars it is never ſeen 
above 48 degrees from the Sun; ſometimes it 
appears to paſs over the Diſc of the Sun, and ſo 
do Mercury and Venus: But Mercury can never 
be ſeen from Mars by ſuch eyes as ours, unaſſiſted 
by proper inſtruments; and Venus will be as ſel- 
dom feen as we ſee Mercury. Jupiter and Saturn 
are as viſible to Mars as to us. His Axis is per- 
pendicular to the Ecliptic, and his Orbit is 2 de- 
grees Inclined to it. 


68. PE EVE the biggeſt of all the Planets, is 


ſtill higher in the Syſtem, being about 426 mil- 
lions of miles from the Sun: and going at the rate 
of 25 thouſand miles every hour in his Orbit, as 
in the circle 1, finiſhes his annual period in eleven 
of our years 314 days and 12 hours, He is above 
roco times as big as the Earth, for his diameter 
is 81,000 miles; which is more than ten times the 
diameter of the Earth. 
69. Jupiter turns round his Axis in 9 hours 66 
minutes; ſo that his year contains 10 thouſand 
470 days; and the diurnal velocity of his equato- 
real parts is greater than the ſwiftneſs with which 
he moves in his annual Orbit; a ſingular circum- 
ſtance, as far as we know. By this prodigious 
quick Rotation, his equatoreal inhabitants are car- 
ried 25 thouſand 920 miles every hour (which is 
20 miles an hour more than an inhabitant of our 
Earth's equator moves in twenty-four hours) be- 
fides the 25 thouſand above-mentioned, which is 
common to all parts of his ſurface, by his annual 
motion. 
70. Jupiter is ſurrounded by faint ſubſtances, 


called Belts, in which ſo many changes appear, 
| that 
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that they are generally thought to be clouds: for 
ſome of them have been firſt interrupted and bro- 
ken, and then have vaniſhed entirely. They have 
ſometimes been obſerved: of different breadths, and 


afterwards have all become nearly of the ſame 


breadth. Large ſpots have been ſeen in theſe 


Belts; and when a Belt vaniſhes, the contiguous 


ſpots diſappear with it. The broken ends of ſome 
Belts have been generally obſerved to revolve in 


the ſame time with the ſpots: only thoſe nearer 


the Equator in ſomewhat leſs time chan thoſe near 
the Poles ; perhaps on account of the Sun's greater 
heat near the Equator, which is parallel to the 
Belis and courſe of the ſpots. Several large ſpots, 
which appear round at one time, grow oblong by 
degrees, and then divide into two or three round 
ſpots. The periodical time of the ſpots near the 
Equator is 9 hours go minutes, Hut of thoſe near 
the Poles 9 hours 54 minutes. See Dr. SMITH'S 


Optics, & 1004, & ſeg. 


7 


71. The Axis of Jupiter is ſo nearly perpendi- He has no 


of ſeaſons; which is a great advantage, and wiſely 


ordered by the Author of Nature. For, if the 


Axis of this Planet were inclined any conſiderable 


number of degrees, juſt ſo many degrees round 
| cach Pole would in their turn be almoſt fix of our 
years together in darkneſs. : And, as each degree 
of a great Circle on Jupiter contains 706 of our 


miles at a mean rate, it is eaſy to judge what vaſt 
tracks of land would be rendered uninhabitable by 
any conſiderable inclination of his Axis. 


cular to his Orbit, that he has no ſenſible change a at 
3580 


72. The Sun appears but r part ſo big to but has four 


1 Jupiter as to us; and his light and heat are in the Moonee 
[| ſame ſmall proportion, bur compenſated by the 


quick returns thereof, and by four Moons (ſome 
bigger and ſome leſs than our Earth) which re- 
volve about him: ſo that there is ſcarce any part 


of this huge Planet but what is during the whole 
night enlighteged by one or more of theſe Moons, 
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except his Poles, whence only the fartheſt Moons : 


can be ſeen, and where their light is not wanted, 


becauſe the Sun conſtantly. circulates in or near the 0 
Horizon, and is very probably kept in view of 
both Poles by the refraction of Jupiter's Atmo- 


ſphere, which, if it be like ours, has certainly re- 
fractive power enough for that purpoſe. = 
73. The Orbits of theſe. Moons are repreſented 
in the Scheme of the Solar Syſtem by four ſmall 
circles marked 1. 2. 3. 4. on Jupiter's Orbit 1; 


but they are drawn fifty times too large in propor- 
The firſt Moon, or that neareſt to 
Jupiter, goes round him in 1 day 18 hours and 36 
thouſand miles 
diſtant from his center: The ſecond performs its 
revolution in three days 13 hours and 13 minutes, 


tion to it. 


minutes of our time; and is 229 


at 364 thouſand miles diſtance: The third in 7 


days three hours andi g minutes, at the diſtance of 


380 thouſand miles: And the fourth, or- outer- 

moſt, in 16 days 18 hours and 30 minutes, at the 

diſtance of one million of miles from his center. 
74. The Angles under which the Orbits of Ju- 


piter's Moons are ſeen from the Earth, as it's mean 


diſtance from Jupiter, are as follow: The firſt, 
3 553 the ſecond, 6 14%; the third, 9 58“; and 
the fourth, 17 300. And their diſfances from 
Jupiter, meaſured by his ſemidiameters, are tus: 
The firſt 34; the ſecond, 9; the third, 1433 
This Planet, deen 3 
its neareſt Moon, appears 1000 times as large as 
our Moon does to us; waxing and waneing in all 
her monthly ſhapes, every 424 hours. 


ſhadow, and are eclipſed in every Revolution: but 
the Orbit of the fourth Moon is ſo much inclined, 
that it paſſeth by it's oppoſition to Jupiter, with- 
out falling into his ſnadow, two years in every ſix. 
By theſe Eclipſes, Aſtronomers have not ty dil- 


* CassIni Zlements ane. Liv, ix. Chap. 3. 
covered 


75. Jupiter's three neareſt Moons fall into his | 
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covered that the Sun's light takes up eight minutes pLATE 1, 


of time in coming to us; but they have alſo deter- 


mined the longitudes of places on this Earth with 
greater certainty and facility, than by any other 


method yet known 3 as. ſhall be explained in the 


eleventh Chapter. | 2 2 9 

56. The difference between the Equatoreal and 22 
Polar diameters of Jupiter is 62 30 miles; for his between the 
equatoreal diameter is to his polar, as 13 to 12. apa 
So that his Poles. are 3115 miles nearer his center diameters of 
than his Equator is. This reſults from his quick Jo lter. 
motion round his Axis; for the fluids, together 

with the light particles, which they can carry or 

waſh away with them, recede from the Poles which 


are at reſt,” towards the Equator where the motion 


is quickeſt, until there be a ſufficient number ac- 
cumulated to make up the deficiency of gravity 


El loſt by the centrifugal force, which always ariſes 
| from a quick motion round an axis: and when the 


deficiency of weight or gravity of the particles is 

made up by a ſufficient accumulation, there is an 
equilibrium, and the equatoreal parts riſe no higher. 

Our Earth being but a very ſmall Planet compared rue differ. 
to Jupiter, and it's motion om it's Axis being much cnc little 


* „ lis of 
ſlower, it is leſs flattened of courſe; for the differ- our Earth. 


| ence between it's equatoreal and polar diameters is 
| only as 230 to 229, namely, 36 miles *. 


77. Jupiter's Orbit is ; degree 20 minutes in- Place of his 
clined to the Ecliptic. His North Node is in the Nodes. 


According to the French meaſures, a Degree of the Me- 
ridian at the Equator contains 340606.68 French Feet; and 
a Degree of the Meridian in Lapland contains 344627. 40: 
ſo that a Degree in Lapland is 4020.72 French Feet (or 
4280.02. Engliſh Feet) longer than a Degree at the Equator. 
The difference is 18 parts of an Engliſh Mile, Hence, the 
Earth's Equatoreal Diameter contains 39336199. French Feet, 
or 41926356 Engliſh; and, the Polar Diameter 39222920 


French Feet, or 41731272 Engliſh, So that the Equatoreal 


Diameter is 195084 Engliſh Feet, or 36.948 Englith Miles, 


7th 


Saturn. 


| Fig, , $ | 


1 PLATE I, 
$1 ; Fig. V. 
ö ö His Ring. 


Nis five 
Mons. 


07 the Solar Syſtem. 
nh degree of Cancer, and his South Node i in the 


. 2th degree of Capricorn. 


78. Sarugx, the emoteſt of all thi Phe 
is about 780 millions of miles from the Sun; and, 


travelling at the rate of 18 thouſand miles every 
hour, as in the circle marked h, performs it's an- 


nual circuit in 29 years 167 days and 5 hours of 
our time; which makes only one year to that Pla- 
net. It's diameter is 67,000 miles; and therefore 
it is near 600 times as big as the Farth. 

79. This Planet is ſurrounded by a thin broad 
Ring, as an artificial Globe is by a Horizon. The 
Ring appears double when ſeen through a good 
teleſcope, and 1s repreſented by the figure in Tuch 
an oblique view as it is generally ſeen. It is in- 
clined 30 degrees to the Ecliptic, and is about 21 
thouſand miles in breadth; which is equal to it's 
diſtance from Saturn on all ſides. There is reaſon 
to believe that the Ring turns round it's Axis, be- 


cauſe, when it is almoſt edge-wiſe to us, it appears 


ſomewhat thicker on one ſide of the Planet than on 


the other; and the thickeſt edge has been ſeen on 


different ſides at different times. But Saturn hav- 
ing no viſible ſpots on his body, whereby to deter- 
mine the time of his turning round his Axis, the 
length of his days and nights, and the poſition of 
his Axis, are unknown to us. 

80. To Saturn, the Sun appears only Both part 
ſo big as to us; and the light and heat he receives 
from the Sun are in the ſame proportion to ours. 
But to compenſate for the ſmall. quantity of ſan- 
light, he has five Moons, all going round him on 
the outſide of his Ring, and nearly in the ſame 
plane with it. The firſt, or neareſt Moon to Sa- 
turn, goes round him in 1 day 21 hours 19 mi- 
nutes ; and is 140 thouſand miles from his center; 
The ſecond, in 2 days 17 hours 40 minutes; at 
the diſtance of 187 thouſand miles: The third, in 


4 days 


Of the Solar Syſtem. 


ates; at the diſtance of 600 thouſand miles: And 


ts; Nhe fifth, or outermoſt, at one million 800 thou- 
1d; Wand miles from Saturn's center, goes round him in 
ry i days 7 hours 48 minutes. Their Orbits in the Fig. f. 
in- W&cheme of the Solar Syſtem are repreſented by the 


ve ſmall circles, marked 1. 2: 3. 4. 5. on Saturn's 
Orbit; but theſe, like the Orbits of the other Sa- 
ellites, are drawn fifty times too large in propor- 
ion to the Orbits of their Primary Planets. | 


ad 81. The Sun ſhines almoſt fifteen of our years 
he together on one fide of Saturn's Ring without ſet- 
od ting, and as long on the other in it's turn. So 
ch that the Ring is viſible to the inhabitants of that 


Planet for almoſt fifteen of our years, and as long 
inviſible by turns, if it's Axis has no Inclination to 


t's Nis Ring: but if the Axis of the Planet be inclined mis Axis 
on to the Ring, ſuppoſe about 30 degrees, the Ring Probably in- 


all the inhabitants within 30 degrees of the Equa- 
tor, on both ſides, frequently eclipſing the Sun in 


o inclined to his Ring, it is perpendicular to his 
Orbit; and thereby the inconvenience of different 
ſeaſons to that Planet is avoided. For conſidering 
the length of Saturn's year, which is almoſt equal 
Ito thirty of ours, what a dreadful condition muſt 
the inhabitants of his Polar regions be in, if they 


ves be half that time deprived of the light and heat of 
fs, the Sun? which is not their cafe alone, if the Axis 
1n- Wot the Planet be perpendicular to the Ring, for 
on then the Ring muſt hide the Sun from vaſt tracks 
me of land on each fide of the Equator for 13 or 14 
Sa- of our years together, on the touth fide and north 
ni- {Wide by turns, as the Axis inclines to or from the 
er; un: the reverſe of which inconvenience is another 
at {220d preſumptive proof of the Inclination of Sa- 


turn's Axis to it's Ring, and alſo of his Axis be- 
ing perpendicular to his Orbit. 
82. This 


days 12 hours 25 minutes; at 263 thouſand miles 
liſtance : The fourth, in 15 days 22 hours 41 mi- 


a Saturnian day. Moreover, if Saturn's Axis be 


* 


ill appear and diſappear once every natural day to Rins. 


"MM 


Place of 
Saturn's 
Nodes, 


corn; ſo that Saturn's Nodes are only 14 degree * 
from Jupiter S, § 77. 
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How the 82. This Ring, ſeen from Saturn, appears 11: 
_ 15 8. à vaſt luminous Arch in the Heavens, as if it dit 
turn and to not belong to the Planet. When we ſee the Ring. 
ys moſt open, it's ſhadow upon the Planet is broadet Ml: 
and from that time the ſhadow grows narrower, ai; 
the Ring appears to do to us; until, by Sacuri' 
annual motion, the Sun comes to the plane of t 
Ring, or even with it's edge; which being tha: 
directed towards us, becomes inviſible on accoun 
of it's thinneſs; as ſhall be explained more large 
in the tenth Chapter, and illuſtrated by a figur t 
Io what The Ring diſappears twice in every annual Revo. It 
appenrs to lution of Saturn, namely, when he is in the 190%! 
3 degree both of Piſces and of Virgo. And when 
e e Saturn is in the middle between theſe points, or ie 
Signs it 2p- the 19th degree either of Gemini or of Sagittarius t 
3 8 Ring appears moſt open to us; and then it 
ſt diameter is to it's ſhorteſt, as ꝙ to 4. If 
No Planet _ To ſuch Eyes as ours, unaſſiſted by inſtruWy1 
dot Satorn ments, Jupiter is the only Planet that can be ſeei t 
8 from Saturn; and Saturn the only Planet that cat 
ter ; nor any be {cen from Jupiter. So that the inhabitants offi 
_—_— theſe two Planets muſt either ſee much farther tha 
Saturn we do, or have equally good inſtruments to carry 
their ſight to remote objects, if they know that t 
there is ſuch a body as our Earth in the Univerſe: t 
for the Earth is no bigger ſeen from Jupiter, than 
his Moons are ſeen from the Earth; and if hi ai 


large body had not firſt attracted our ſight, and fe 
prompted our curioſity to view him with a tele. 
ſcope, we ſhould never have known any thing of hu 
Moons; unleſs by chance we had directed the te. © 
leſcope toward that ſmall part of the Heavens where 2 
they were at the time of obſervation, And the 
like is true of the Moons of Saturn. hi 

84. The Orbit of Saturn is 24 degrees inclined"! 
to the Ecliptic, or Orbit of our Earth, and inter P. 
ſects it in the 2 fſt degree of Cancer and of Capri mn 


85. The 


$5. The quantity of light, afforded by the Sun The ar 
to Jupiter, being but 4th part, and to Saturn 1 
only th part, of what we enjov; may at firit 1 
thought induce us to believe that theſe two Planets ;s generally 
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But, that their light is not ſo weak as we imagine, 
is evident from their brightneſs in the night- time; 
and alſo from this remarkable Phenomenon, that 
when the Sun is ſo much eclipſed to us, as to have 
only the 40th part of his diſc left uncovered by 


the Moon, the decreaſe of light is not very ſenſi- 
ble: and juſt at the end of darkneſs in Total Eclip- 
ſes, when his weſtern limb begins to be viſible, 
and ſeems no bigger than a bit of fine ſilver wire, 
every one is ſurpriſed at the brightneſs wherewith 
chat ſmall 

Full affords travellers light enough to keep them 
from miſtaking their way; and yet, according to 


part of him ſhines. The Moon when 


Dr. SmiTHn “, it is equal to no more than a 90 


thouſandth part of the light of the Sun: that is, 
the Sun's light is go thouſand times as ſtrong as the 
light of the Moon when Full. Conſequently, the 

Sun gives a thouſand times as much light to Saturn 
as the Full Moon does to us; and above three 


dart 
— © thouſand times as much to Jupiter. So that theſe 
-r{c; two Planets, even without any Moons, would be 
than much more enlightened than we at firſt imagine; 
his and by having ſo many, they may be very com- 
andi fortable places of reſidence. Their heat, ſo far as 
tele it depends on the force of the Sun's rays, is cer- 


ined turn, the cold cannot be ſo intenſe on theſe two 
iter: Planets as is generally imagined. | Beſides, there 
wpri-W may be ſomething in the nature of their mould 
res Varmer than in that of our Earth: and we find that 
£ 17 * Optics, Art. 95. I ? TH 
Th D 1 | all 


bodies of their inhabitants are as well adapted as 
ours are to the ſeaſons we enjoy. And if we con- 


his Poles; which probably is alſo the caſe with Sa- 


tainly much leſs than ours; to which no doubt the 


ſider, that Jupiter never has any winter, even at 


are entirely unfit for rational beings. to dwell upon. believes. 
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All our heat all our heat depends. not on the rays of the Sun 

pate hoy for if it did, we ſhould always have the fame 5 

fy, _ months equally hot or cold at their annual returns] 

| But it is far otherwiſe, for February is ſometime 

1 warmer than May; which muſt be owing to va 
| pours and exhalations from the Earth. Þ 
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| 86. Every perſon who looks upon, and compare 
the Syſtems of Moons together, which belong uf! 
Jupiter and Saturn, muft be amazed at the va! 
magnitude of theſe two Planets, and the noble au 
40. 5 retidance they have in reſpect of our little Earth JW 
1 and can never bring himſelf to think, that an inf 
if nitely wiſe Creator ſhould diſpoſe of all his animal I 
and vegetables here, leaving the other PlaneMW 
1 is higbiy bare and deſtitute of rational creatures. To ſup 
probable poſe that he had any view to our benefit, in cre: 
gn 1 ating theſe Moons, and giving them their motion 
inhabited, round Jupiter and Saturn; to imagine that he int 
| tended theſe vaſt Bodies for any advantage to uM ti 
when he well knew that they could never be ſeeſ © 
but, by a few Aſtronomers peeping through tele tt 
| ſcopes; and that he gave to the Planets: regular Ml 
. turns of days and nights, and different ſeaſons i P 
all where they would be convenient; but of n 
| manner of ſervice to us, except only what imme 
diately regards our own Planet the Earth; to imd 
Wd | „ gine, I ſay, that he did all this on our account b. 
21188 would be charging him impiouſly with having don to 
i | much in vain: and as abſurd, as to imagine tha ci 
gil: - he has created a little Sun and a Planetary Syſten th 
114 within the Shell of our Earth, and intended then 1q 
| for our uſe. Theſe conſiderations amount to lit ye 
=_ Teſs than a poſitive proof, that all the planets ary as 
„ inhabited: for if they are not, why all this care i di. 
110 furniſhing them with ſo many Moons, to ſuppſf . 
"thoſe with ** which are at the greater diſtance Pp 
from the Sun? Do we not ſee, that the farther tin 
1 Planet is from the Sun, the greater Apparatus ii a 
. | has for that purpole ? fave only Mars, which be 
Wl | | I ing 


—ͤ——z— — > 
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ing but a ſmall Planet, may have Moons too ſmall pl Arx 1. 
to be ſeen by us. We know that the Earth goes 

round the Sun, and turns round it's own Axis, to 
produce the viciſſitudes of ſummer and winter by 

be former, and of day and night by the latter mo- 

tion, for the benefit of it's inhabitants. May we 

not then fairly conclude, by parity of reaſon, that 

the end and deſign of all 'the other Planets is the 


Dares 

ig uf fame? and is not this agreeable to the beautiful 
val harmony which exiſts throughout the Univerſe? 
e a Surely it is: and raiſes in us the moſt magnificent 


ideas of the SUPREME BEING, who is every 
where, and at all times preſent; diſplaying his 
power, wiſdom and goodneſs, among all his crea- 
cures! and diſtributing happineſs to innumerable 
ranks of various beings | 


th! 
inf. 
mak 
anen 
ſup⸗ 
cre: 
tion 
e in 


In Fig. 2d, we have a view of the propor- Fig, IL. 
ow tne 


2 breadth of the Sun's face or diſc, as ſeen Sun ppears 
from the different Planets. The Sun is repreſent- to the ciffer- 


Ou 
ſcell ed No x, as ſeen from Mercury; No 2, as ſeen Pneu. 
tele from Venus; N g, as ſeen from the Earth; 


No 4, as ſeen from Mars; No 5, as ſeen from Ju- 
ns u. piter; and N 6, as ſeen from Saturn. 

f Let the circle B be the Sun as ſeen from any Fig: m; 
nme Planet, at a given diſtance; to another Planet, at 

im double that diſtance, the Sun will appear juſt of 

duni half that breadth, as A; which contains only one 

don fourth part of the area or ſurface of B. For, all 

tha circles, as well as ſquare ſurfaces, are to one ano- 

ſten ther as the ſquares of their diameters. Thus, the 

then ſquare A is juſt half as broad as the ſquare B; and fig. Iv. 
litu yet it is plain to ſight, that B contains four times 
s an as much ſurface as A. Hence, by comparing the 
re iI diameters of the above Circles (Fig. II.) together, 
pplſf it will be found, that in round numbers, the Sun 
anceſ appears 7 times larger to Mercury than to us, 90 
her times larger to us than to Saturn, and 630 times 


Ir It 


tus i as large co Mercury as to Saturn. 
q be IT | D 2 5 88. In 
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Eis. v. the Planets in proportion to each other, and to a 


PLATE!. 88. In Fig. 5th, we have a view of the bulks of | 


ſuppoſed globe of two feet diameter for the Sun, Þ 
Proportion- The Earth is 27 times as big as Mercury, very 
diſtances of little bigger than Venus, 5 times as big as Mars; 
the Planets. but Jupiter is 1049 times as big as the Earth, Sa. 

turn 586 times as big, excluſive of his Ring; and] 

the Sun is 877 thouſand 650 times as big as the 

Earth. If the Planets. in this Figure were ſet at] 

their due diſtances from a Sun of two Feet diame. 

ter, according to their proportional bulks, as in 
our Syſtem, Mercury would be 28 yards from the 

Sun's center; Venus 51 yards 1 foot; the Earth 

70 yards 2 feet; Mars 107 yards 2 feet; Jupiter 

370 yards 2 feet; and Saturn 760 yards 2 feet.] 

The Comet of the year 1680, at it's greateſt dif- 

tance, 10 thouſand 760 yards. In this proportion, 

the Moon's diſtance from the center of the Ear © 
would be only 7+ inches. LED 

An ide f 89. To aſſiſt the imagination in forming an ide: 

their dif- of the vaſt diſtances of the Sun, Planets, and Stats ü 

let us ſuppoſe, that a body projected from the Sunſi 1 

ſhould continue to fly with the ſwiftneſs of a can. K 

non- ball; i. e. 480 miles every hour; this body f, 

would reach the Orbit of Mercury, in 7 years 221 , 

days; of Venus, in 14 years 8 days; of the Earth, © 

in 19 years 91 days; of Mars, in 29 years 85 days, 

of Jupiter, in 100 years 280 days; of Saturn, in n. 

184 years 240 days; to the Comet of 1680, at it! 

greateſt diſtance from the Sun, in 2660 years; and 

to the neareſt fixed Stars in about 7 million 600 10 


ba Mn nod . „ „ Fees wes 


- 


thouſand years. EL 

Pl the 90. AS the Earth is not in the center of the Orbit he 
pear bigger in which the Planets move, they come nearer to i 1 
1 ; and go farther from it, at different times; o le. 
times, which account they appear bigger and leſs by turns, Pr 
: Hence, the apparent magnitudes of the Planets ar O 
not always a certain rule to know them by. 

91. Under Fig. 3, are the names and character & 


of the twelve ſigns of the Zodiac, which the Read ® 
et 


Of the Solar Syſtem. „ 
er ſhould be perfectly well acquainted with; ſo as PLATE 1, 


Jun, to know the characters without leeing the names. 

ver Each Sign contains 30 degrees, as in the Circle fis. l. 
ars ; bounding the Solar Syſtem; to which the charac- 

8a - ters of the ſigns are ſet in heit proper places. 

and 

the 92. The Cours are e ſolid opaque bodies, with The 
t at long tranſparent trains or tails, iſſuing from that 8 
me- ſide which is turned away from tte Sun. They 

is in move about the Sun in very excentric ellipſes; and 

the are of a much greater denſity than the Earth; for 
arthſome of them are heated in every period to ſuch a 


degree, as would vitrify or diſſipate any ſubſtance 


ite 

fret known to us. Sir Is a A NEwTon computed the 
dis. heat of the Comet which appeared in the year 
ion, 1680, when neareſt the Sun, to be 2000 times hot- 


ter than red-hot iron, and that being thus heated, 

it muſt retain it's heat until it comes round again, 
although it's Period ſhould be more than twenty 

tas, thouſand years; and it is computed to be only 575. 

Sun The method of computing the heat of bodies, 

can. keeping at any known diſtance from the Sun, ſo 

ody far as their heat depends on the force of the Sun's 

221 rays, is very eaſy; and ſhall be W in the 

rth, eighth Chapter. 

ays, 93. Part of the Paths of three Comets are deli- p;,, 1, 

„ in neated in the Scheme of the Solar Syſtem, and the — 
it years marked in which they made their appearance. has, ys 
and It is believed, that there are at leaſt 21 Comets be- Js of the 
600 longing to our Syſtem, moving in all ſorts of direc- not wid, | 
tions: and all thoſe which have been obſerved, 

have moved through the ethereal Regions and the 

Orbits of the Planets, without ſuffering the leaſt 

ſenſible reſiſtance in their motions; which plainly 

proves that the Planets do not move in ſolid Orbs. 

Of all the Comets, the Periods of the above-men- The Periode 
tioned three only are known with any degree of eee 
certainty. The firſt of theſe Comets appeared in * 
the years 1531, 1607, and 1682 and is expected 

to appear again 1 in the year 17 58, and every 75th 


D 3 year 
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1 | year afterwards. The ſecond of them appeared in | 
1 1532 and 1661, and may be expected to return in] 
11 1789, and every 129th year afterwards. The 
Wl! || third, having laſt appeared in 1680, and it's Period 
I! being no leſs than 575 years, cannot return until 
* the year 2225. This Comet, at it's greateſt diſ. | 
1 tance, is about 11 thouſand two hundred millions ſs 
Will! |} of miles from the Sun; and at it's leaſt diſtance | © 
wh from the Sun's center, which is 49,000 miles, is 
W | within leſs than a third part of the Sun's ſemidia: |} 
„ meter from his ſurface. In that part of it's Orbit . 
1 which is neareſt the Sun, it flies with the amazing 
4 ſwiftneſs of 880,000 miles in an hour; and the 
| Sun, as ſeen from it, appears an hundred degrees BY, 
Hil in. breadth; conſequently, 40 thouſand times as iſ. 
f | | They prove large as he appears to us. The aſtoniſhing length BY . 
4 1 8 that this Comet runs out into empty Space, ſug- | 
i |. menſe diſ. geſts to our minds an idea of the vaſt diſtance be- B 
Will! mm” tween the Sun and the neareſt fixed Stars; of whoſe ff , 
| 11 Attractions all the Comets muſt keep clear, to re. 
110 turn periodically, and go round the Sun; and it I. 
| 1 bes us alſo, that the neareſt Stars, which are pro- £ 
it | | bably thoſe that ſeem the largeſt, afe as big as our 1 
1 Sun, and of the fame nature with him; otherwiſe, I 
„ they could not appear ſo large and bright to us as 2 
1 they do at ſich an immenſe diſtanctde. : 
wi! Taerences. 94. The extreme heat, the denſe atmoſphere, the W . 
1 dawn from groſs vapours, the chaotic ſtate of the Comets, z 
Wil | phenomena, ſet lll at Eft ſight to indicate them altogether unfit 
nn for the purpoſes of animal life, and a moſt miſer- 

WR |! able habitation for rational beings; and therefore I -. 

10 * ſome are of opinion that they are ſo many hells N 
| we for tormenting the damned with perpetual viciſſi- z 

| tudes of heat and cold, But when we conſider, on 6 

19 the other hand, the infinite power and goodneſs of 2 
| il | | the Deity; the latter inclining, the former enabling \ 
| _ him to make creatures ſuited to all ſtates and cir- I ;; 
| l| cumſtances ; that matter exiſts only for the fake 9 
I I of intelligent beings; and that wherever we find f 
it [ + Mr. WaisToN, in his Aſtronomical Principles of Religion. 
| ; 1 1 55 | it, 
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dom, ſymmetry, and beauty 


Of the Solar Syben. 


it, we always find it pregnant with life, or neceſ- 


farily ſubſervient thereto ; the numberleſs ſpecies, 
the aſtoniſhing diverſity of animals in earth, air, 


vater, and even on other animals; every blade of 


craſs, every tender leaf, every natural fluid, ſwarm- 


Jing with life; and every one of theſe enjoying ſuch 
' {gratifications as the nature and ſtate of each re- 


quires: when we reflect moreover that ſome cen- 


| turies ago, till experience undeceived us, a great 


part of the Earth was judged uninhabitable; the 


Torid Zone by reaſon of exceſſive heat, and the 
two Frigid Zones becauſe of their intolerable cold; 
it ſeems bighly probable, that fuch numerous and 
large maſſes of durable matter as the Comets are, 
however unlike they be to our Earth, are not deſ- 


titute of beings capable of contemplating with won- 
der, and acknowledging ' with gratitude, the wiſ- 
| of the Creation; 
which is more plainly to be obſerved' in their ex- 
tenſive Tour through the Heavens, than in our 
more confined Circuit. If farther conjecture is per- 
mitted, may we not ſuppoſe them inſtrumental in 
recruiting the expended tuel of the Sun ; and ſup- 


plying the exhauſted. moiſture :of the Planets ?, 


However difficult it may be, circumſtanced as we 
are, to find out their particular deſtination, this is 


an undoubted truth, that wherever the Deity ex- 
erts his power, there he alſo manifeſts his wiſdom 


and goodneſs. 
95. THE SOLAR SYSTEM here deſcribed 


is not a late invention; for it was known and 


This Syſtem 
very ancĩ - 
ent, and de- 


taught by the wiſe Samian philoſopher PyTHAGo- montradle. 


Ras, and others among the Ancients ; but in latter 
times was loſt, till the 15th century, when it was 
again reſtored by the famous Poliſh philoſopher, 


NichoL aus Copernicus, who was born at Thorn in 


the year 1473. In this, he was followed by the 
greateſt mathematicians and philoſophers that have 
lince lived; as KEePLER, GALILEO, DESCARTES, 

D 4 GASSENDUS, 


40 Of the Prolermenn Syſtem, 


GissEnbus, and Sir? Isaac NREwWTON; the laſt of 
whom has eſtabliſhed-this Syſtem on ſuch an ever- 


laſting foundation of mathematical and phyſical de. 
monſtration, as can never be ſhaken :. and none 
who underſtand him can heſitate about i it. 
The Ptole- 96. In the Ptolemean Syſtem, the Earth was ſup- 
dem abfud. Poſed to be fixed in the Center of the Univerſe; 
and that the Moon, Mercury, Venus, the Sun, 
Mars, Jupiter, and Saturn, moved round the Earth: 
above the Planets, this Hypotheſis placed the Fir- 
mament of Stars, and then the two Cryſtalline 
| Spheres; all which were included in and received 
motion from the Primum Mobile, which conſtantly 
revolved about the Earth in 24 hours from Eaſt to 
Welt. But as this rude Scheme was found inca- 


pable to ſtand the teſt of art and obſervation, it | 


was ſoon rejected by all true philoſophers ; not- 
_ withſtanding the OPEN and violence of blind 
and zealous bigots. ' | 

The Tycho- y. The Tychonic Sem fretpoded the Plies, 
9 but was never ſo generally received. In this the 
kla. Earth was ſuppoſed to ſtand ſtill in the Center of 
the Univerſe or Firmament of Stars, and the Sun 

to revolve about it every 24 hours; the Planets, 
Mereury, Venus, Mars, Jupiter, and Saturn, go- 

ing round the Sun in the times already mentioned. 

But ſome of 'Tycno's diſciples ſuppoſed the Earth 

to have a diurnal motion round it's Axis, and the 

Sun with all the above Planets to go round the 
Earth in a year; the Planets moving round the 

Sun in the foreſaid_ times. This hypotheſis, being 

partly true and partly falſe, was embraced by few; 

and ſoon give way to the only true and rational 
Syſtem, reſtored by Copernicus and demonſtrated 

" Sir Isaac NEWro Ww. 
98. To bring the foregoing particulars at once 
in view, with ſeveral others which follow, concern- 


ing the Periods, Diſtances, Bulks, Fc. of the Pla- 
8 the * 3 is inſerted. 
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to be true. 
LINE ATTER | is of itſelf native] and indi. 
3 | ferent to motion or reſt. A body at reſt 
can never put itſelf in motion; a body in motion 
can never ſtop or move ſlower of itſelf. Hence, 
when we fee a body in motion, we conclude ſome 
bother ſubſtance muſt have given it that motion; 
when we ſee a body fall from motion to reſt, we 
© - conclude ſome —— body or cauſe ſtopt it. 
100. All motion is naturally fectilineal. © A 
bullet thrown by the hand, or diſcharged Leda 
cannon, would continue to move in the ſame di- 
HEH 01 rection it received at firſt, if no other power di- 
verted it's courſe. Therefore, when we ſee a body 
224 moving in a curve of whatever kind, we conclude 
it mult be acted upon by two powers at leaſt: one 
£ to put it in motion, and; another drawing: it off 
from the rectilineal courſe which it would other- 
Ci des wiſe have continued to move in. 
ball: 10t. The power by which bodies fall wards 
the Earth, is called Gravity or Attrafiion, By this 
power in the Earth it is, that all bodies, on. What- 
eceiuer ſide, fall in lines perpendicular to it's ſurface. 
| 


* 


On oppoſite parts of the Earth bodies fall in oppo- 

_ - -- {ſite directions, all towards the center, where the 
| whole force of gravity is as it were accumulated, 
* By this power conſtantly acting on bodies near the 
| Earth they are kept from leaving it alcogether ; 
and thoſe on it's ſutface are kept * on all 

ſides, ſo that they cannot fall from it. Bodies thrown 
Vith any obliquity are drawn by this power from a 
 —__ Rtraight line into a curve, until they fall to the 
ground: the greater the force by which they are 
thrown, the greater is the diſtance they are carried 
before they fall, If We rale a has-/ carried 
ſeveral 
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The Copernican Syſtem demonſtrated to be true. 
ever miles above che Earth, and there brojefted 
in an horizontal direction with ſo great a velocity, 
that it would move more than a ſemidiameter of 
the Earth, in the time it would take to fall to the 
| Farth by gravity; in that caſe, if there were no 
| refiſting — in the way, the body would not 


fall to the Earth at all, but continue to circulate 


| round the Earth, keeping always the ſame path, 


| and returning to the point from whence it was pro- 


jected with the ſame velbeity as at firſt. 


102. We find the Moon moves round the Earth ProjeBite 
| in an Orbit nearly circular. The Moon therefore indie, 


| muſt be ated on by two powers or forces; one 
which would cauſe her to move in a right line, 
another bending her motion from that line into a 
curve. This attractive power muſt be ſeated in 
the Earth, for there is no other body within the 
| Moon's Orbit to draw her. The attractive power 
of the Earth therefore extends to the Moon; and 
in combination with her projectile force, cauſes her 
to move round' the Earth in the n manner as the 
| circulating body above ſuppoſed; 7 


107. The Moons of Jupiter and Saturn are ob- The Sun : 
An ane 


| ſerved to move round their primary Planets : there- attract each 
fore there is an attractive power in theſe Planets. other. 


All the Planets move round the Sun, and re- 
ſpect it for their center of motion: therefore the 
Sun muſt be endowed with an attracting power, as 
well as the Earth and Planets. The He may be 
proved of the Comets. So that all the bodies or 
matter of the Solar Syſtem are poſſeſſed of this 
power; ; and perhaps ſo is all matter whatſoever. 
104. As the Sun attracts the Planets with their 
Satellites, and the Earth the Moon, ſo the Planets 
and Satellites re- attract the Sun, and the Moon the 
Earth: action and re-aftion being always equal. 
This is alſo confirmed by obſervation ; for the- 
Moon raifes tides in the ocean, the Satellites and 


Planets diſturb one another s motions. — 
| * eee Every 
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105. Every particle of matter being poſſeſſed of 

an attracting power, the effect of the whole muſt 

be io proportion to the number of attracting parti- 
cles; hid is, to the quantity of matter in the body. 
This is demonſtrated from experiments on pendu- 
lums: for, if they are of equal lengths, whatever 

their weights be, they always vibrate in equal times. 
Now, if one be double the weight of another, the 
force of gravity or attraction muſt be double to 
make it oſcillate with the ſame celerity: if one is 
thrice the weight or quantity of matter of another, 

it requires thrice the force of gravity to make it 
move with the ſame celerity. Hence it is certain, 
Dn the power of gravity is always proportional to 

the quantity of matter in a whatever their 

bulk or figures are. 

106. Gravity alſo, like all other virtues or ema- 
nations, either drawing or impelling a body to- 

' wards a center, decreaſes as the ſquare or the diſ- 
tance increaſes: that is, a body at twice the diſ- 
tance attracts another with only a fourth part of 

the force; at four times the diſtance, with a ſix- 
tteenth part of the force. This too is confirmed 
from obſeryation, by comparing the diſtance which 

the Moon falls in a minute from a right line touch- 

ing her Orbit, with the ſpace which bodies near 

the Earth fall in the ſame time: and alſo by com- 
paring, the forces which retain Jupiter's Moons in 
their Orbits. This will be more fully e 

in the ſeventh Chapter. 
Gravitation 10). The mutual attraction of bodies may be 
tion exem.. EX cmplified by a boat and à ſhip on the Water, 
pied. tied by a rope. Let a man either in a ſhip or boat 

pull the rope (it is the ſame in effect at which end 

he pulls, for the rope will be equally ſtretched 
throughout) the ſhip and boat will be drawn to- 

wards one another; but with this difference, that 

the boat will move as much faſter than the ſhip, 

as the ſhip is heavier than the boat. Suppoſe the 

boat as heavy as the ſhip, and they x will draw one 

another 
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The Copernican Syſtent demonfirated to be true. 


of the Water on the bigger body) and meet in the 
middle of the firſt diſtance between them. If the 
ſhip is a thouſand or ten thouſand times heavier 
than the boat, the boat will be drawn a thouſand 
or ten thouſand: times faſter than the ſhip; and 


the ſhip ſet out. Now, whilſt one man pulls the 
rope, endeavouring to bring the ſhip and boat to- 
gether, let another man, in the boat, endeavour to 
| cow ic off ſidewiſe, or at right Angles to the rope; 
and the former, inſtead ot being able to draw the 
boat to the ſhip, will find it enough for him to 
keep the boat from going further off; whilſt the 
j latter, endeavouring to row off the boat in a ſtraight 
line, will, by means of the other's pulling it to- 
wards the ſhip, row the boat round the ſhip at the 
: rope's length from her. Here the power em- 
| ployed to draw the ſhip and boat to one another 
| repreſents the mutual attraction. of the Sun and 
| Planets, by which the Planets would fall-freely to- 
| wards the Sun with a quick motion; and would alſo 
; in falling attract the Sun towards them. And the 
power employed to row off the boat repreſents the 
projectile force impreſſed on the Planets at right 
angles, or nearly ſo, to the Sun's attraction; by 
which means the Planets move round the Sun, "and 
are kept from falling to it. On the other hand, if it 
be attempted. to make a heavy ſhip go round a 
light boat, they will meet ſooner than the ſhip can 
6 get round; or the hip will drag the boat after 1 it. 


5 
& 
75 . 


| 108, Let the above ago be applied to the 
Sun and Earth; and they will evince, beyond a 
(poſſibility of doubt, that the Sun, not the Earth, 
11s the center of the Syſtem; and that the Earth 
moves round the Sun as the other Planets do. 

For, if the Sun moves about the Earth, the 
Earth's attractive power muſt draw the Sun towards 


2 motion 


another equally (ſetting aſide the greater reſiſtance 


meet proportionably nearer the place from which 


it from the line of projection ſo, as to bend it's 
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46 The Copernican Syſtem demonſtrated to be true; 
motion into a curve. But the Sun being at leaft 
227 thouſand times as heavy as the Earth, by be. 
ing ſo much weightier as it's quantity of matter is 
greater, it muſt move 227 thouſand times as {lowly 
toward the Earth, as the Earth does toward the 
Sun; and conſequently the Earth would fall to 
the Sun in a ſhort time, if it had not a very ſtrong 
projectile motion to carry it off. The Earth there- 
fore, as well as every other Planet in the Syſtem, 
muſt have a rectilineal impulſe, to prevent it's fall- 
The abfur- ing into the Sun. To ſay, that gravitation retains 
dity of ſup- all the other Planets in their Orbits without affect- 
pore the ing the Earth, which is placed between the Orbits 
reſt, of Mars and Venus, is as abſurd as to ſuppoſe that 
fix cannon-bullets- might be projected upwards 
to different heights in the Air, and that five of 
them ſhould fall down to the ground; but the 
ſixth, which is neither the higheſt nor the loweſt, 
ſhould remain ſuſpended in the Air without falling, 
and the Earth move round about it. 
109. There is no ſuch thing in nature as a heavy 
body moving round a light one as it's center of 
motion. A pebble faſtened to a mill-ſtone by a 
ſtring, may by an eaſy impulſe be made to circu- 
late round the mill-ftone: but no impulſe can 
make a mill-ſtone circulate round a looſe pebble, 
for the mill-ſtone would go off, and carry the 
pebble along with it. 50 
110. The Sun is ſo immenſely bigger and hea- 
vier than the Earth“, that if he was moved out 
of his place, not only the Earth, but all the other 
Planets, if they were united into one maſs, would 
be carried along with the Sun, as the pebble would 
be with the mill-ſtone. b ic 
111. By conſidering the law of gravitation, 
which takes place throughout the Solar Syſtem, in 
another light, it will be evident that the Earth 
moves round the Sun in a year; and not the Sun 
round the Earth. It has been ſhewn ($ 106) that 


* As will be demonſtrated in the Ninth Chapter. 
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The Copernican Syſtem demonſtrated to be true. 47 
the power of gravity decreaſes” as the ſquare of the The har- 
diſtance increaſes; and from this it follows with eien. 
mathematical certainty, that when two or more tions. 
bodies move round another as their center of mo- 
tion, the ſquares of their periodic times will be to 
one another in the ſame proportion, as the cubes 
of their diſtances from the central body. This 
holds preciſely with regard to the Planets round 
the Sun, and the Satellites round the Planets; the 
relative diſtances of all which, are well known. 

But, if we ſuppoſe the Sun to move round the 
Earth, and compare it's period with the Moon's 
by the above rule, it will be found that the Sun. 
would take no leſs than 173,510 days to move 
round the Earth, in which caſe our year would be 
475 times as long as it now is. To this we may 
add, that the aſpects of increaſe and decreaſe of 
the Planets, the times of their ſeeming to ſtand 
ſtill, and to move direct and retrograde, anſwer 
preciſely to the Earth's motion; but not at all to 
the Sun's, without introducing the moſt abſurd and 
monſtrous ſuppoſitions, which would deſtroy all 
harmony, order, and ſimplicity in the Syſtem. 


Moreover, if the Earth be ſuppoſed to ſtand ſtill, 


and the Stars to revolve in free ſpaces about the 

Earth in 24 hours, it is certain that the forces by 

which the Stars revolve in their Orbits are not di- 

rected to the Earth, but to the centers of the ſeve- 

ral Orbits; that is, of the ſeveral parallel Circles The apr. 

which the Stars on different ſides of the equator di of tvp- 

deſcribe every day: and the like inferences may die klar, 

be drawn from the ſuppoſed diurnal motion of the Planers to 

Planets," ſince they are never in the Equinoctial but the Ea th. 

twice, in their courſes with regard tothe ſtarry 

Heavens. But, that forces ſhould be directed to 

no central body, on which they phyſically depend, 

but to innumerable imaginary points in the Axe 

of the Earth produced to the Poles of the Hea- 

vens, is an hypotheſis too abſurd to be allowed of 

by any rational creature. And it is (till 
urd 
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ſurd to imagine that theſe forces ſhould increaſe 
exactly in proportion to the diſtances from this 
Axe; for this is an indication of an increaſe to in- 
finity; whereas the force of attraction is found to 
decreaſe in receding from the fountain from whence 
it flows. But, the farther any Star is from the qui- 
eſcent Pole, the greater muſt be the Orbit which 
it deſcribes; and yet it appears to go round in the 
ſame time as the neareſt Star to the Pole does. 
And if we take into conſideration the two-fold mo- 
tion obſerved in the Stars, one diurnal round the 
Axis of the Earth in 24 hours, and the other round 
the Axis of the Ecliptic in 25920 years, § 251, it 
would require an explication of ſuch a perplexed 
compoſition of forces, as could by no means be re- 
conciled with any phyſical Theory. 


objeAions 112. There is but one objection of any weight 

gain me, that can be made againſt the Earth's motion round 

non anſwer- the Sun; which is, that in oppoſite points of'the 

7 Earth's Orbit, it's Axis, which always keeps a pa- 

rallel direction, would point to different fixed Stars; 

which is not found to be fact. But this objection 

is eaſily removed, by conſidering the immenſe diſ- 

tance of the Stars in reſpect of the diameter of the 

Earth's Orbit; the latter being no more than a 

point when compared to the former. If we lay a 

ruler on the fide of a table, and along the. edge 

of the ruler view the top of a ſpire at ten miles diſ- 

tance; then lay the ruler on the oppoſite ſide of 

the table in a parallel ſituation to what it had be- 

fore, and the ſpire will ſtill appear along the edge 

of the ruler; becauſe our eyes, even when aſſiſted 

by the beſt inſtruments, are incapable of diſtin- 
guiſhing ſo ſmall a change at ſo great a diſtance. 

113. Dr. BrRaDLEY, our preſent Aſtronomer 

| Royal, has found by a long ſeries of the moſt ac- 

curate obſervations, that there is a ſmall apparent 

motion of the fixed Stars, occaſioned by the aber- 

ration of their light, and fo exactly anſwering to 

| | an 
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an annual motion of the Earth, as evinces the ſame, 
even to a mathematical demonſtration. Thote | 
who are qualified to read the Doctor's modeſt Ac- | I 
count of this great diſcovery, may conſult the Phi- 
loſophical Tranſactions, N 406. Or they may find 
it treated of at large by Drs. Sita ®, Lone , 
DrsAcuriERS T. RUTraerFuRTH ||, Mr. Mac Au- 
aim, and M. DE LA CAILLE **. ls 
114. It is true that the Sun ſeems to change his Why the 
A | „Sun appears 

place daily, fo as to make a tour round the ſtarryte change 
Heavens in a year, But whether the Sun or Earthbis place. 
moves, this appearance will be the ſame; for, when 
the Earth is in any part of the Heavens, the Sun 
will appear in the oppoſite. And therefore, this 
appearance can be no objection againſt the motion 
of the Earth. | 
115. It is well known to every perſon who has 
failed on ſmooth Water, or been carried by a ſtream 
in a calm, that however faſt the veſſel goes, he 
does not feel it's progreſſive motion. The motion 
of the Earth is incomparably more ſmooth and uni- 
form than that of a ſhip, or any machine made and 
moved by human art: and therefore it is not to be I 
imagined that we can feel it's motion. | 


116. We find that the Sun, and thoſe PlanetsThe Farth's 
on which there are viſible ſpots, turn round their Aus de- 
Axes: for the ſpots move regularly over theirmontratcd. 
Diſks ff. From hence we may reaſonably con- 
clude that the other Planets, on which we ſee no 
pots, and the Earth, which is likewiſe a Planet, 
have ſuch rotations. - But being incapable of leav- 
ing the Earth, and viewing it at a diſtance, and it's 
rotation being ſmooth and uniform, we can neither 


er * Optics, B. I. CH 11. 1 Aſtropomy, B. II. 5838. 1 

. t thiloſophy, Vol. I. p. o.. Account of vir Iſaac els 1 
Newton's Philgſophical Diſcoveries, B. III. c. 2. § 3. 

nt Elements d Aflronomie, & 381. 1 

r- f The face of the Sun, Moon, or any Planet, as it appears | | 

to to the eye, is called it's Diſk. 1 

an | E - 5 ſee 4 
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feel ourſelves affecte 
1s one effect, of ſuch a mo grion, which will enable us 


ſee it move on it's Axis as we. do the Planets, nor 
1 71 us motion. Yer there 


to judge with certainty whether the Earth revolves 


on it's Axis or not. l Globes which do not turn 
round their Axes will be perfect ſpheres, on ac- 
count of f the 2 57 = the weight of bodies on 
their ſurfaces; eſpecially of the fluid parts. But 
all Globes which, turn on their Axes will be oblate 
ſpheroids ; that is, their ſurfaces will be higher, or 
« farther from the center, in the equatoreal than in 
the polar Regions: for, as the equatoreal parts 
move quickeſt, they will recede fartheſt from the 
Axis of motion, and enlarge the equatoreal diame- 
ter. That Our. Earth, is really of this figure, is 


demonſtrable. from the unequal vibrations of a 


endulum, and the unequal lengths of degrees in 


different latitudes. Since then the Earth is higher 
at the Equator than at the Poles, the ſea, which 


naturally runs downward, or towards the places 
which are neareſt the center, would run towards 
the polar Regions, and leave the equatoreal parts 
dry, if the centrifugal force of theſe parts, by which 
the waters were carried thither, did not keep them 
from e e 1 1150 Earth's pang diameter 


Al bodi 
[eds towards Fed .quator, 1 9 ieh are nearer the 


the Pole Earth's center, where the whole force of the Earth's 


1 0 
woul be at attraction i 18 ae They, are alſo heavier, 


of their Aiurnal A 0 — For both 
theſe, reaſpns, boy ics 17 75 Om the Poles toward 
the Equator,, gras wall Y loſe, 05 their weight. Expe- 
riments prove that a pend dulum, which vibrates 
ſeconds near the. Poles, vibrates {lower near the 
Equator, which. ews that it is lighter or lels 
attracted there. To make i it oſcillate in the ſame 
time, it is found neceſſary to diminiſh its length. 
By comparing the different lengths of pendulums 

2 ſwinging 
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ſwinging ſeconds at the Equator and at London, it 
E found that a pendulum muſt be 27 lines ſhorts 
er at the Equator than at the Poles. A woe 6 is a 
twelfth part of an inch. W511 

118. If the Earth turned * it's Aziel in 84 Wo hes 
minutes 43 ſeconds, the centrifugal force would be night ey 
equal to the power of gravity: at the Equator; and v. 
all bodies there would entirely loſe their weight. 
If the Earth revolved quicker, Oy — all fly 


| off, and leave it. 


119. A perſon on the Earth can no more be ſen The Erh¹ð 
ſible of it's undiſturbed motion on it's Axis, than not 8 
one in the cabbin of a ſhip on ſmooth water can be 
ſenſible of the ſhip's motion when it turns gently 
and uniformly round. It is therefore no argument 
againſt the Earth's diurnal motion that we do not 


feel it: nor is the apparent revolutions of the celeſ- 


tial bodies every day a proof of the reality of theſe 


motions ;- for whether we or they revolve, the ap- 
pearance is the very ſame. A perſon looking 


| through the cabbin-windows of a ſhip: as ſtrongly 
| fancies the objects on land to go round when the 


"y wunde if they were actually in motion. 


120. If we e trandate ourſelves Com Planet 


to Planet, we ſhould ſtill find that the Stars would 
appear of the ſame magnitudes, and at the ſame 
diſtances from each other, as they do to us here; 
becauſe the width of the remoteſt Planet's Orbit 


bears no ſenſible proportion to the diſtance of the 
Stars. But chen, the Heavens would ſeem to re- ,, 4, die 


volve about very different Axes; and conſequent- ferent Plas 


nets the 


Y, thoſe quieſcent. points, which are our Poles in Hesrens ap- 


the Heavens, would ſeem to revolve about other pear to turd 


round on 


points, which, though apparently in motion as ſeen {ene 


from the Earth, would be at reſt as ſeen from any Axes. 
other Planet. Thus the Axis of Venus, which lies 
almoſt at right Angles to the Axis of the Earth, 
would have it's motionleſs Poles in two oppoſite 


points of the Heavens lying almoſt in our Equi- 


72 © -- noctial, 


. 


Were ue on Japiter, we ſhould be at firſt amazed 


to the Moon; we ſheuld fee the Heavens turn round 


with ämaremient:at the immenſity of their diſtance 


far from the Sun} abe Sun is from us, thoſ 


quick And ulb this: to ſerꝰ ho other purpoſe tha 
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noctial/ where rhe motion appears quickeſt. becauſe 
it is eng petformed in the greateſt Circle. 
And the very Poles, which are at reſt to us, have 


the quictgeſt mti oof all us feen from Venus, 
To Mars and Jupner the Heavens appear to turn 
round wich very 


different velocities on the ſame 
Axis, whoſe Poles are about 23 degrees from ours, 


at the rapid motion of the Heavens; the Sun and 
Stars going round an g hours 36 minutes. Could 
-we go from thence tu Venus, we ſhould be as much 
ſurpriſech tothe flowneſs: of the heavenly motions; 
the Sun going. bur once round in 384 hours, and 
the Stars in $$009And could we go from Venu 


> pay — — „% £Oci nn,, * * 


with a yet ſlower motion; the Sun in 708 hours, 
the Stars in 6557 As it is impoſſible theſe vari 
dus circumvolutions in ſuch different times, and 
on ſuch different Axes, can be real, ſo it is unrea- 
ſonable to ſuppoſe the Heavens to tevolve abou 

our Earth more that it does about any other Planet 
When we reflect on the vaſt diſtance of the fixet 
Stars, to which 162, Oo0, ooo of miles, the diameter 

of itherEarth's! Orbit, is but a point, we are filled 


But af we gryto frame an idea of the extreme trap! 
»dirpwithowhichahe Stars muſt move, if they move 
round che Exretf.in 24 hours, the thought become 
ſo much than big for our imagination, that we cal 
amd more conceive it than we do infinity or eternity, 
f che Sum wt to go round the Earth in 24 hovis 
1hemuR-ravelupwards! of 300,00 miles in a mi 
nates bit the Stars bein aſt 400, ooo times # 


ubmit :the Equntor muſt move: 400,000 times 4 


- what can be as fund much more fimply obtain 
ed hye the Earth s turning wund eaſtward, as 0 


an ws, We r aan e an app 1 
— - 5 TX. 0 Ort 2 3 ren # 7 


; 
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Objeftions anſw 
. Ke 


af rent diurnal motion of the Sun weſtward, and bring- 
le. ing about the alternate returns of gdayiand-night. | 
vel 09 fot 1s 0186 idw 210 f 0% S087 %% 
Us, 121. As to the common-obje&ians' againſt the 
un Earth's motion on it Axis, they ire all eaſily an- 
me fwered and ſet aſide. Thatſũt may turn without 
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ObjeRions 

againſt the 
Earth's di- 
urnal mo- 


Irs, being ſeen or felt by us to do ſo, has been already 1 anſwere 


zel ſhewn, § 119. But forme are apt to imagine that 
and if the Earth turns Eaſtward (ascit certainly does if 


ud it turns at all) a ball fired perpendicularly upward 


uch in the air muſt. fall conſiderably: weſtward of the 
ns: place it was projected from. The objection, which 
and at firſt ſeems to have ſome weight, will be found 
nul to have none at all, when we-conſider that the gun 
und and ball partake of the Earth's motion; and there - 
ur; fore the ball being carried forward with the air as 
ar: quick as the Earth and air turn, muſt fall down on 


the deck as near the foot of the maſt when the ſhip 
fails as when it does not. If an inverted bottle, 
full of liquor, be hung up to the ceiling of the 


the ſame place. A ſtone let fall from the top of a 
main-maſt, if it meets with no obſtacle, falls on 


geteilt cabbin, and a ſmall hole be made in the cork to 


illel let the liquor drop through on the floor,” the drops 
inck. will fall juſt as: far forward on the floor when the 
rapM ſhip fails as when it is at reſt. | And: goats or flies 
can as eaſily dance among one another in a moving 
cabbin as in a fixed chamber. As for thoſe ſerip- 
ture expreſſions which ſeem to contradict the Earth's 
motion, this general anſwer may be made to them 
all, viz. it is plain from many inſtances that the 


1 mi Scriptures were never intended to inſtruct us in 


16s 1 Philoſophy or Aſtronomy; ancł therefore, on thoſe 
cholſ ſubjects, expreſſions are not always to be taken in 
the literal ſenſe; but for the moſt part as accom- 
kind. Men of ſenſe in all ages, when not treating 


thod: and it would be in vain to follow any other 


modated to the common apprehennons of man- 


in addreſſing ourſelves to the vulgar, or bulk of 
A 3 | any. 


of the ſciences-purpoſely, have followed this me- 


* 


* 


to the Earth 
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any community. Maſes calls the Moon A GREAT | 
LUINAR (as ic is in the Hebrew) as well as 


the Sun: but the Moon is known to be an opaque 1 
body, and the fmalleſt that Aſtronomers have ob- 


ferved in the Heavens; and ſhines upon us not by 


any inherent light of it's own, but by reflecting 
the light of the Sun. If Mojes had known this, and 


told the {/reelites ſo, they would have ſtared at him; 


and conſidered him rather as a madman than as a 


| perſia: Py by the ae to be chen 


4 yu t 3 * 1 , a 5 
5 # ? > l + 4 g 
bawot e 0 H A P. IV. 
? a 


e 88 — 


The * of the . as ſeen from at differen 1 


ik n dv n of the Earth. 


We are kept 1 22. * E. are kept to the Earth's 8 on 
all ſides by the power of it's central 


1 attraction Which, laying hold of all bodies accord- 
ing to their denſities or quantities of matter with- 
out regard to their bulks, conſtitutes what we call 


Fig. I. 


their weight. And having the ſky over our heads, 
go where we will, and our feet towards the center 


of the Earth, we call it 4p over our heads, and 


gown under our feet: although the ſame right line 
which is doton to us, if continued through and be- 


yond the voppolntcide of the Earth, would be up to 


FPS ERD 


rants us 15 4 m. $, 0, 4, b ſtand with their feet e. | 
the Karch's-genter C; and have the ſame figure of 
PLATE n. ſKy. IV. I. E. M, §, O, Q E over their heads. 
Therefore, the point & is as directly upward to the 


0 


inhabitant 5 on the South Pole, as N is to the in- 
habitant ꝝ on the North Pole: ſo is E to the inhabi- 
4ant e, quppoſed to be on the north end of Peru; } 
and & to the oppoſite inhabitant on the middle 
of the iſland Sumatra. Each of theſe obſervers is 


- Antipodes. ſurpriſed that his oppoſite or Antipade can ſtand 
e e nei s dere. > yr dete 
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from different Parts of the Ert. 5 


go to the other, and he will tell him that he {ſtood PLATE II. 
as upright and firm on the place where he was, as 

he now ſtands where he is. To all theſe oblervers 

the Sun, Moon. and Stars ſeem to turn round the axis of the 
points N and S, as the Poles of the fixed Axis Ws 
Mo; becauſe the Earth does really turn round 

the mathematical line Cs as round an Axis, of ies Poles. 
which ꝝ is the North Pole and s the South Pole. 
The Inhabitant U (Fig. II.) affirms that he is zig. I. 
on the uppermoſt fide of the Earth, and wonders 

how another at L can ſtand on the undermoſt fide 
with his head hanging downwards. But U in the 
mean time forgets that in twelve hours time he 
will be carried halt round with the Earth, and then 
be in the very ſituation that L now is, although as 5 
far from him as before. And yet, when U comes 
there, be will find no difference as to his manner 
of ſtanding; only he will ſce the oppoſite half of 
the Heavens, and imagine the Heavens to have 
gone half round the Earth. 


123. When ve ſee a Globe hung up in a room, How our 
we cannot help imagining it to have an upper and 3 
an under ſide, and immediately form a like idea per and an 
of the Earth; from whence we conclude, that it is *r $4 
as impoſſible for people to ſtand on the under fide 
of the Earth, as for pebbles to lie on the under 
ſide of a common Globe, which inſtantly fall down 
from it to the ground; and well they may, becauſe 
the attraction of the Earth, being greater than the 
attraction of the Globe, pulls them away. Juſt ſo 
would be the caſe with our Earth, if it were placed 
near a Globe much bigger than itſelf ſuch as 
Jupiter : for then it would really have an upper 
and an under ſide with reſpect to that large Globe 
wh'ch, by it's Attraction, would pull away every 
thing from the ſide of the Earth next to it; and 
only thoſe on the top of the oppoſite or upper ſide 
could remain upon it. But there is no larger Globe 
near enough our Earth to overcome it's central 
. attraction; 


' _ PLATE, attraction ; and therefore it has no ſuch thing as an 


_ The Phenomena of the Heavens as ſeen 


upper and an under ſide; for all bodies on or near 
it's ſurface, even to the Moon, gravitate towards 
%%% ..o..o.. 
124. Let any man imagine that the Earth and 
every thing but himſelf is taken away, and he left 
alone in the midſt of indefinite Space; he could 
then have no idea of ap or down; and were his 


pockets full of gold, he might take the pieces one 


by one, and throw them away on all ſides of him, 
without any danger of loſing them; for the attraction 
of his body would bring them all back by the ways 


they went, and he would be down to every one of 


them. But then, if a Sun or any other large body 
were created, and placed in any part of Space ſeveral 
millions of miles from him, he would be attracted 
towards it, and could not fave himſelf from falling 
ESSE ot iS. | 


rig. 1. 125. The Earth's bulk is but a point, as that at 
C, compared to the Heavens; and therefore every 
inhabitant upon it, Jet: him be where he will, as at 

u, e, m, 5, &c. ſees half of the: Heavens. The in- 
habitant , on the North Pole of the Earth, con- 

ſtantly ſees the Hemiſphere: EN; and having 

the North Pole MN.of che Heavens juſt over his 

head, his Horizon coincides with the Celeſtial 

Half of the Equator EC. Therefore all the Stars in the 
rule c n Northern Hemiſphere» EM, between the Equa- 
inbabitant to and North: Fole, appear to turn round the line 
. NC, moving pazallel tothe Horizon. The Equa- 
coreal Stars; Reęp in the Horizon, and all thoſe in 
the Southern Hemiſphere E&A are inviſible. The 

like Phenomena are ſceh hy the obſerver 5 on the 


South Pole, withireſpect ta che Hemiſphere ES 


and to him the oppoſite Hemiſphere is always 
inviſible. Hence under: either »Þ ale, only one 

„Tube utimeft limit Cfd pelo View, where the Sky ſeems 
to tauch the Earth alh around, is called his Horizon; which 
ſhifts as the perſon changes his place, x alf 
by 5 14 1 


. pas dns co me F &f Co oo ET ROTTEN 


o 


from different Parts of the Earth. 
half of the Heavens is ſeen ; for thoſe parts which 


are once viſible never ſet, and thoſe which are once 


inviſible never riſe. But the Ecliptic NA, or 


= year by the Earth's annual motion, has the half 20 


conſtantly above the Horizon EC of the North 


half YC of the Ecliptic, he neither ſets to the North 


Pole nor riſes to the South; and whilſt he deſcribes 


the ſouthern half CA, he neither ſets to the South 
Pole nor riſes to the North. The ſame things are 
true with reſpect to the Moon; only with this dif- 


ference, that as the Sun deſcribes the Ecliptic but 


once a- year, he is for half that time viſible to each 
Pole in it's turn, and as long inviſible; but as the 


Moon goes round the Ecliptic in 27 days 8 hours, 
me is only viſible for 13 days 16 hours, and as long 


inviſible to each Pole by turns. All the Planets 
likewiſe riſe and ſet ta the Poles, becauſe their 
Orbits are cut obliquely in halves by the Horizon 
of the Poles. When the Sun (in his apparent way 


from X) arrives: at C, which is on the 20th of 


March, he is juſt riſing: to an obſerver at . x on the 
North Pole, and ſetting to another at.s onthe South 
Pole. From C he-rifes higher and higher in every 
apparent Diurnal revolution, till he comes to the 


| higheſt point of the Ecliptic y, on the 2 1ſt of June, 


and then he is at his greateſt Altitude, which is 
232 degrees, or the Arc: rege to his greateſt 
North declination; and from thence he ſeems to 
deſcend gradually in every apparent Circumvolu- 


tion, till he ſets at C on the 23d of September; and 


then he goes to exhibit the like Appearances at the 
South Pole for the other half of the year. Hence 
the Sun's apparent motion round the Earth is not 


in parallel Circles, but in Spirals; ſuch as might 


be repreſented by a thread wound round a Globe 
from Tropic to Tropic; the Spirals being at ſome 


diſtance from one another about the Equator, and 
10 TL RE. _ 
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| Pole n; and the other half CA always below it. phenamesz: 
Therefore whilſt the Sun deſcribes the northern ar che Pole. 


4 
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' PLATE n. gradually nearer to each other as they approach to- 
ward the Tropic. 
Phenomena 126. If the ee be y bert on the Ter- 
, reſtrial Equator Cg, as ſuppoſe at e, he is in the 
plane of the Celeftial Equator ;” or under the Equi- 
noctial ZC9; and the Axis of the earth Cs is co- 
S. I. incident with; the Plane of his Horizon, extended 
out to N and &, the North and South Poles of the 
Heavens. As the Earth turns round the line VCS, 
the whole Heavens MOL! ſeem to turn round the 
ſame line, but the contrary way. It is plain that 
this obſerver has the celeſtial Poles conſtantly in 
his Horizon, and that his Horizon cuts the Diur- 
nal paths of all the Celeſtial bodies perpendicularly 
and in halves. Therefore the Sun, Planets and 
Stars, riſe every day, and aſcend perpendicularly 
above the Horizon for ſix hours, and paſſing over 
the Meridian, deſcend in the ſame manner for the 
fix following hours; then ſet in the Horizon, and 
continve twelve hours below it. Conſequently at 
the Equator the days and nights are equally long 
throughout the year. When the obſerver is in the 
tuation e; he ſees the Hemiſphere SEN, but in 
twelve hours after, he is carried half round che il 
Earth's Axis to g, and then the Hemiſphere SV 
becomes viſible to him; and SEN diſappears. Will - 
Thus we find, that to an obſerver at either of the 
Poles one half of the Sky is always viſible, and the Will © 
other half never ſeem; but to an obſerver on the 
Equittorvhe! whole Sky i is ſeen every 24 hours, | 
The Figure here referred to, repreſents a Celeſ. : 
nal globe of glaſs, having a Terreſtrial globe within Il 2 
it; after the manner of the Glaſs Sphere ia vented S 
by my generous friend Pr. Low; Lowndes's Fro. | 
legor of Aﬀtronomy in Cambridge. eee —_ 
. ige Gre 
Remark, 127. If a Globe be held ſidewiſe to che's eye, at 
| ſome diſtance, and ſo that fleither of it's Poles can 
Hh be ſeen, the Equator EC, and all Circles parallel 
1 Wo it, as DL, Nx, — MO, &c. will appear to be 
| ſtraight 


| 
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ſtraight lines, as projected in this Figure; which is 
requiſite to be mentioned here, bavaete we ſhall 
have occaſion to call them Circles in the following 
0 Articles of this Chapter *. 
128. Let us now ſuppoſe that the obſerver has Phenomena 
gone from the Equator e towards the North Pole u, * 9 
and that he ſtops at i, from which place he then Poles. 
| ſees the Hemiſphere MEIVL; his Horizon MCL 
having ſhifted as many ＋ Degrees from the Celeſtial 
Poles M and ö. as he has travelled from under the 
Equinoctial E. And as the Heavens ſeem con- 
ſtantly to turn round the line NCS as an Axis, all 
thoſe Stars which are not ſo many degrees from 
the North Pole Nas the obſerver is from the Equi- 
noctial. namely, the Stars north of the dotted pa- 
rallel DL, never ſet below the Horizon; and thoſe 
which are ſouth of the dotted parallel MO never 
riſe above ir. Hence, the former of theſe two 
parallel Circles is called the Circle of perpetual Appa- f 
rition. and the latter the Circle of perpetual Octul- apparition 
tation: but all the Stars between theſe two Circles οο 
riſe and ſet every day. Let us imagine many 
Circles to be drawn between theſe two, and parallel 
to them; thoſe which are on the north: ſide of the 
| Equinochial will be unequally cut by the Horizon 
| MCL, having larger portions above the Horizon 
than below it; and the more ſo, as they are nearer 
tothe Circle of perpetual Apparition; but the re- 
verſe happens to thoſe on the ſouth ſide of the 
Equinoctial, whilſt the Equinoctial is divided in 
two equal parts by the Horizon. Hence, by the 
apparent turning of the Heavens, the northern 
Stars deſcribe greater Arcs or Portions of Circles 
above the Horizon than below it; and the greater, 
ss they are farther from the Equinoctial towards 
the Circle of Perpetual Apparition whilft the con- 
wa, At} RIGA ad ee F 


8 * 13 The plane of a Circle, or a thin Si Plate, being 
| We {ned edgewiſe to the eye, appears to be a ſtraight line. 
+ A Degree is the 36oth part of a Circle. 


raight trary 
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but thoſe upon it deſcribe * Arcs both above 
and below the Horizon, and therefore they are juſt 
as long above as below it. 
129. An abſerver 3 Equator has no Circle 
of perpetual Apparition or Occultation, becauſe. all 
the Stars, together with the Sun and Moon, riſe 
and ſet to him every day, But, as a bare view 
of the Figure is ſufficient to ſhew that theſe two 
Circles DL and Au are juſt as far from the Poles 
N and S as the obſerver at / (or one oppoſite to 
hin at o) is from the Equator EC Az it is plain, 
that, if an obſerver: begins to travel from the Equa- 
tor towards either Pole, his Circle of perpetual 
Apparition #ilcs from that Pole as from a Point, 
and his Circle of perpetual Occultation from the 
other. As the obſerver advances toward the nearer 
Pole, theſe two Circles enlarge their diameters, and 
come nearer one another, until he comes to the 
Pole; and then they meet and coincide in the Equi 
noctial. On different ſides of the Equator, to ob- 
ſervers at equal diſtances from it, the Circle of per. 
petual Apparition to one is ech. of MER 
nnn to the other. 188 eh . 
| 8 l 03 Digi 
Why the 1 —_ Becauſe the 8 nevey en 1 * 
Star: always from the Equinoctial, ſo as to) be ſenſible in ar 
fame paral- age, the lengths of their diurnal and nocturna 
ctotmo- Arcs are always the ſame toi the ſame places on the 
the Sun a Earth. But as the Earth goes round the Sun ever) 
eitkerent. year in the Ecliptic, one half of which is on the 
north ſide of the Equinoctial, and the other half on 
it's ſouth ſide, the Sum appears to change his place 


every day, ſo as to go ence round the Circle Ci 


every year, 5 114. Therefore whilſt the Sun ap: 
pears ta advance north ward, from having deſcribed 
the Parallel 46 touching the Ecliptic in X, thi 
days continually lengthen and the nights ſhorten, 
until he comes to y and deſcribes the Parallel 2h, 


when the days are at the longeſt and the nights g 
| che 


teh, 
DN 
hts al 

the 


fition of the Sphere. To an obſerver any where 
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the ſhorteſt : for then, as the Sun goes no farther PLATE 1. 
northward, the greateſt portion that is poſſible of | 
the diurnal Arc yz is above the Horizon of the 
inhabitant i; and the ſmalleſt portion zx below it. 
As the Sun declines ſouthward from y, he deſcribes 
{ſmaller diurnal and greater nocturnal Arcs, or Por- 
tions of Circles, every day; which cauſeth the days 
to ſhorten and nights to lengthen, until he arrives 
again at the Parallel 2 ; which having only the 
{mall part ab above the Horizon MCL, and the 
great part 4X below it, the days are at the ſhorteſt 
and the * at the longeſt; becauſe the Sun re- 
cedes no farther ſouth, but returns northward as 


before. It is eaſy to ſee that the Sun muſt be in 
the Equinoctial EC Q twice every year, and then 


the days and nights are equally long; that is, 12 
hours each. Theſe hints ſerve at preſent to give 
an idea of ſome of the Appearances reſulting from 


| the motions of the Earth ; which will be more pat- 


ticularly deſcribed in the tenth Chapter. 


131. To an obſerver at either Pole, the Horizon pie x. 
and Equinoctial are coincident; and the Sun and ?' als}, 
Stars ſeem to move parallel to the Horizon: there- ang Right 
fore, ſuch an obſerver is ſaid to have a parallel po- Sure, 
between either Pole and: Equator, the Parallels de- 
ſeribed by the Sun and Stars are cut obliquely by 

the Horizon, and therefore he is ſaid to have an 
Oblique. poſition of the Sphere. To an obſerver 

any where on the Equator, the Parallels of Motion, 
deſeribed by the Sun and Stars, are cut perpendi- 
cularly, or at Right Angles, by the Horizon; and 
therefore he is ſaid to have a right poſition of the 
Sphere. And theſe three are all the different ways 
that the Sphere can be poſited to all people on 

the Earthei:- g 1. n ; 11 190 


CHAP. 
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CHAP. v. 


7 be Phenomena 1 the — as ſeen from di ferent 
| Parts of the Solar Opens. 


I 8 0 vaſtly great is the diſtance. of the ſtarry 
O Heavens, that if viewed from any part of 
the Solar Syitem, or even many millions of miles 
| beyond 1 it, the appearance would be the very ſame 
to us. The Sun and Stars would all ſeem to be 
fixed on one concave ſurface, of which the Specta - 
4 tor's eye would be the center. But the Planets, 
being much nearer than the Stars, their appearances 
will vary contderably- with the place from which 
they are viewed. 
133. If the — is at reſt without their 
Orbits, the Planets will ſeem to be at the ſame diſ- 
tance as the Stars; but continually changing their 
places with reſpect to the Stars, and to one ano- 
ther: aſſuming various phaſes of increaſe and de- 
creaſe like the Moon. And notwithſtanding their X 
regular motions about the Sun, will ſometimes ap- 
pear to move quicker, ſometimes flower, be as 


| — 2 VÞ_þ_cd eee A ay OS 


often to the weſt as to the eaſt of the Sun; and at 5 
their greateſt diſtances ſeem quite ſtationary. The h 
duration, extent, and diſtance of thoſe points in 
the Heavens where theſe digreſſions begin and end, a 
| would be more or leſs, according to the reſpec- a1 
{i tive diſtances of the ſeveral ' Planets from the Sun: " 
Ih 


but in the ſame Planet they would continue inva- 
riably the ſame at all times; like pendulums of 
unequal lengths oſcillating together, the ſhorter 
move quick and go over a mall ſpace, the longer 
move ſlow and go over a large ſpace. If the ob- 
ſerver is at reſt within the Orbits of the Planets, 
but not near the common center, their apparent 
| motions will be irregular, but leſs ſo than in the 
| | former caſe. Each of the ſeveral Planets will ap- 


| 1 9 1 8 and leſs 15 turns, as they approach 
| | nearer 


3 


— 
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nearer to or recede farther from the obſerver; the 
neareſt varying moſt in their ſize. They will alſo 
move quicker or ſlower with regard to the fixed 
Stars, but will never be retrograde or ſtationary. 
134. If an obſerver in motion views the Hea- 
vens, the ſame apparent irregularities will be ob- 
ſerved, but with ſome variation reſulting from his 
own motion. If he is on a Planet which has a ro- 
tation on it's Axis, not being ſenſible of his own, 
motion, he will imagine the whole Heavens, Sun, 
Planets, and Stars, to revolve about him in the 
ſame time that his Planet turns round, but the con- 
trary way; and will not be eaſily convinced of the 
deception. If his Planet moves round the Sun, 
the ſame irregularities and aſpects as above-men- 
tioned will appear in the motions of the other Pla- 
nets; and the Sun will ſeem to move among the 
fixed Stars or Signs, directly oppoſite to thoſe in 
which his Planet moves, changing it's place every 
| day as he does. In a word, whether our obſerver 
be in motion or at reſt, whether within or without 
the Orbits of the Planets, their. motions will ſeem 
regular, intricate and perplexed, unleſs he is in 
the center of the Syſtem; and from thence, the 


0 beautiful order and harmony will, be ſeen by 
im.. f | 


5 Z e 


tC Js 


| n 17795 D : | 
135. The Sun being the center of all the Planets u gow, 


— 


motions, the only place from which their motions center the 

. could be truly ſeen, is the Sun's center; where the dem hich 
: obſerver. being ſuppoſed not to turn round with the theruemo- 
1 dun (which, in this caſe, we muſt imagine to be a ,1gees of the 
f anſpatent body), would, ee all the Stars at reſt, Planer 
r and ſcemingly equidiſtant from him. To ſuch an en. 


r . the Planets would appear to move, among 
the fixed Stars, in a ſimple, regular, and uniſorm 


s, manager ; only, that as in equal times they deſcribe 
at aqual) Areas, they would deſcribe ſpaces ſomewhat 
ne mequal, becauſe they move in elliptic Orbits, $ 155. 
p- eir motions would alſo appear to be what they 
ch e in fact, the ſame way round the Heavens; in 


er „ paths 
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paths -which croſs at ſmall Angles in different parts 
of the Heavens, and then ſeparate a little from one 


another, & 20. So that, if the Solar Aſtronomer 


ſhould make the Path or Orbit of any Planet 
a ſtandard, and conſider it-as having no obliquity, 
$201, he would judge the paths of all the reſt to 
be inclined to it; each Planet having one half of 
it's path on one ſide, and the other half on the 
oppoſite ſide of the ſtandard Path or Orbit. And 
if he ſhould ever ſee all the Planets ſtart from a 
conjunction with each other“, Mercury would 
move ſo much faſter than Venus, as to overtake her 
again (though not in the ſame point of the Heavens) 


in a quantity of time almoſt equal to 145 of our 


days and nights; or, as we commonly call them, 
Natural Days, which include both the days and 
nights: Venus would move ſo much faſter than 
the Earth, as to overtake it again in 585 natural 
days: the Earth ſo much faſter than Mars, as to 
overtake him again in 778 ſuch days: Mars ſo 
much taſter than Jupiter, as to overtake him again 
in $17 ſuch days: and Jupiter ſo much faſter than 
Saturn, as to overtake him again in 7236 days, all 
of our time. | | 

The judg- 136. But as our ſolar Aſtronomer could have no 

folar Aftro- idea of meaſuring the courſes of the Planets by our 

nomerwoule days, he would probably take the period of Mer- 


obabl : l : X 
ke cow: cury, which is the quickeſt moving Planet, for a 


Frais the meaſure to compare the periods of the others by. 


diſtances arid : pt 
bulks of the As all the Stars would appear quieſcent to him, he 


Phatts, would never think that they had any dependance 
upon the Sun; but would naturally imagine that 
the Planets have, becauſe they move round the 
Sun. And it is by no means improbable, that he 


2 


* Here we do not mean ſuch a conjunction, as that the 


nearer Planet ſhould hide all the reſt from the obſerver's light; - 


(for that would be impoſlible unleſs the interſections of all ther 
Orbits were coincident, which they are not, See 5 21+) but 
when they were all in a line croſſing the ſtandard Orbit 2t 
Right Anples, 3 SE 


1 


would 


1 __— GELS: n _ 


from different Parts of the Solar Syſtem. © 65 
\ 


would conclude thoſe Planets, whoſe periods are 1 
quickeſt, to move in Orbits proportionably leſs | 1 
than thoſe do which make flower circuits. But | 
being deſtitute of a method for finding their Paral- 18 
laxes, or, more properly ſpeaking, as they could have | 
no Parallax to him, he could never know any thing ö 
| of \their real diftances or magnitudes, Their rela- i 
tive diſtances he might perhaps gueſs at by their |. 
| periods, and from thence infer ſomething of truth | 
| concerning their relative bulks, by comparing their 7 
| apparent bulks with one another. For example. | 
Jupiter appearing bigger co him than Mars, he 1 
would conclude it to be much bigger in fact; be- 1 
5 cauſe it appears ſo, and muſt be farther from him, > 
; on account - of it's longer. period. Mercury 'and n | 
] the Earth would ſeem much of the ſame bulk; but l 
' by comparing it's period with the Earth's, he would 
J conclude that the Earth is much farther from him 
0 than Mercury, and conſequently that it muſt be 
o really bigger, though apparently of the ſame. bulk; 
n and ſo ot the reſt. And as each Planet would 
n appear ſomewhat bigger in one part of it's Orbit 
1 than in the oppoſite, and to move quickeſt when it ( 
ſeems biggeſt, the obſerver would be at no loſs to «i 
0 conclude that-alk-the [Planets move in Orbits, of „ 
xr which the Sum is not preciſely in the center. | L 
- e, tees ogg eee e, eee nt 
a 137. The apparent magnitudes of the Planets he Pape. 
7. continually changeias ſcen from the Earth, which tn motions 
Ie demonſtrates than ey agp Dach nearer to it, and eee on 
ce recede farther frotmiltbturas. From theſe Phe- from the 
at nomena, andi their: apparent motions among the JH 
he Stars, they feem to: He ſeribe looped curves which 
he never return dato thenuelves,: Venus's path ex; | 
cepted. And if we were to trace out all their ap- | 
he parent paths, and put the figures of them together 
5 in one diagram, they would appear ſo anomalous 
put and confuled, that no man in his ſenſes could be- 
lieve them to be repreſentations of their real paths; 


bur would immediately conclude, that ſuch appa- 
ul : ? E . rent 
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PLATE 
III. 


Thoſe of 
Mercury 
and Venus 
te preſented. 


Fig. I. 


The apparent Paths of Mercury and Venus. 


rent irregularities muſt be owing to ſome Optic 
illuſions. And after a good deal of enquiry, he, | 
might perhaps be at a loſs to find out the true cauſe. 
of theſe irregularities; eſpecially if he were one of 
thoſe who would rather, with the greateſt Jule | 


charge frail man with ignorance, than the Almighty 


with being the author of ſuch confuſion. 

138. Dr. Loo, in his firſt volume of — 
has given us figures of the apparent paths of all the 
Planets, ſeparately, from Cassin1; and on ſeeing 

chem I firſt thought of attempting to trace ſome of 
them by a machine“ that ſhews the motions of 
the Sun, Mercury, Venus, the Earth and Moon, 
according to the Copernican Syſtem. Having taken 
off the Sun, Mercury, and Venus, I put black- lead 
pencils in their places, with the points turned ups 


ward; and fixed a circular ſneet of paſte-board log” 


that the Earth kept conſtantly under it's center in 
going round the Sun; and the paſte-board kept ut's! 
paralleliſm. Then, prefling gently with one hand 
upon the paſte-board to make it touch the three 
pencils, with the other hand I turned the winch 
that moves the whole machinery: and as the Earth 
together with the pencils in the places of Mercury! 
and Venus, had their proper motions round the 
Sun's pencil, which kept at reſt in the center of 
the machine, all the three pencils deſcribed a dia- 
gram from which the firſt Figure of the third Plate 
is truly. copied in a ſmaller ſize. As the Earth 


moved round the Sun, the Sun's pencil deſcribel 


the dotted Circle of Months, whilſt Mercury's pem 
eil drew the curve with the greateſt number af] 
loops, and Venus's that with the feweſt. - In thelf 
inferior conjunctions they come as much near! 
the Earth, or within the Circle of the Sun's apps 
rent motion round the Heavens, as they go beyond 
it in their ſuperior conjunctions. On each ſide 
"he "_ they appear ſtationary; in that pry 4 
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The appatent Paths of Mercury and Venus. 


the reſt of their paths direct. 

If Caſſinis Figures of the paths of the Sun, 
Mercury and Venus; were put together, the Figure 
as above traced out, would be exactly like them. 
It repreſents the Sun's apparent motion round the 
Ecliptie, which is the ſame. every year; Mercury's 


motion for ſeven years; and Venus's for eight; in 


which time Mercury's path makes 23 loops, croſſing 
_ itſelf ſo many times, and Venusꝰs only five. In eight 
years Venus falls ſo nearly into the ſame apparent path 
again, as to deviate very little from icin ſome ages; 
but in what number of years Mercury and the reſt 
of the Planets would deſcribe the ſame viſible paths 
over again, cannot at preſent determine. Having 
Fniſhed the above Figure of the paths of Mercury 
and Venus, I put the Ecliptic round them as in the 
Doctor's Book; and added the dotted lines from 
the Earth to the Ecliptic for ſhewing Mercury's 
apparent or geocentric motion therein for one year; 
in which time his path makes three loops, and 
goes on a little farther; which ſhews that he has 
three inferior, and as many ſuperior conjunctions 
with, the Sun in that time; and alſo that he is ſix 
times ſtationary, and thrice retrograde. Let us 
now trace his motion for one year in the Figure. 
Suppoſe Mercury to be ſetting out from A to- 
wards B (between the Earth and left-hand corner 


of the Plate) and as ſeen from the Earth his motion rig. 1. 


will then be direct, or according to the order of 
the Signs. But when he comes to B, he appears 
to ſtand ſtill in the 23d degree of m at F, as thewn 
by the line BF. Whilſt he gors from B to C, the 
line F, ſuppoſed to move with bim; goes back- 
ward from F to E, or Fontfary to the order of 
Signs; and when he is at C, he appears ſtationary 


at E; having gone back 115 degrees. Now, ſup- 


poſe bim ſtatiohary on the firſt of January at C, on 


the roth therèof he will appear in the Heavens 


as at 2% near W 2 80 on the 2oth be will be leen as 


8 a 
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The apparent Paths of Mercury aud Venus. 
at G; on the 3 iſt at H; on the ioth of February 
at I; on the 20th at K; ld on the 28th at L; as 
the dotted lines ſhew, which are drawn through 
every tenth day's motion in his looped path, and 
continued to the Ecliptic. On the 10th' of March 
he appears at M; on the 20th at VN; and on the 
3iſt ar O. On the 10th. of April he appeęars ſta-. 
tionary at P; on the 20th he feems to have gone 
back again to O; and on the zoth he appears ſta- 
tionary at Q, having gone back 11 degrees. 
Thus Mercury ſeems to go forward 4 Signs 11 
Degrees, or 131 Degrees; and to go back only 11 
or 12 Degrees, at a mean rate. From the goth of 
April to the 1oth of May, he ſeems to move from 

to R; and on the 20th he is ſeen at S, going 
forward in the fame manner again, according to 
the order of letters; and backward when they go 
back; which it is needleſs to explain any farther, 
as the reader can trace him out ſo eaſily, through 
the reſt of the year. The ſame appearances happen 
in Venus's motion; but as the moves flower than 
Mercury, there are longer Tang of of time be- 
tween them. 

Having already, $ S120; given ſneidcodant of 
the apparent diurnal motions of the Heavens as 
ſeen from the different Planets, we ſhall nor "(Ou 
the reader any more wien that ſubject. Ts 
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THE Tychonic © Syſtem, $ | ' 97, TINY ſuffi 
Ciently re ured. . Y the 109th. Artick, 


48 
+ /} - 24111 


f 139. 


we ſhall ſay nothing more about 1 

140. The Ptolemean Syſtem, $ 96, which aſſerts 
the Earth to be at reſt in the Center of the Uni: 
verſe, and all the Planets with the Sun and Stars 
to move round it, is evidently, falſe and abſurd. 


3 


For 


The Phenomena of the inferior Planets. 6g: 


For if this hypotheſis were true, Mercury and 
Venus could never be hid behind the Sun, as their 
Orbits are included within the Sun's: and again, 
theſe two Planets would always move direct, "and 
be as often in Oppoſition to the Sun as in Conjunc- 
tion with him. But the contrary. of all this is true: 
for they are juſt as often behind the Sun as before 
him, appear as often to move backwards as for- 

wards, and are ſo far from being ſeen at any time 
in the ſide of the Heavens oppoſite to the Sun, that 
they were never ſeen a quarter of a cirele in the 
Heavens diſtant from him. 

141. Theſe two Planets, when el at diffe» Appearan- 
rent times with a good teleſcope, appear in all the mw _ 
| yarious ſhapes of the Moon; which is a plain proof Venus. 
* that they are enlightened by the Sun, and ſhine 
| not by any light of their own: far if they did, they 
would conſtantly appear round as the Sun does; 
| and could never be ſeen like dark ſpots upon the 
Sun when they paſs directly between him and us. 
1 
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Their regular Phaſes demonſtrate them to be ſphe- 
rical bodies; as may be ſhewn by the following 


experiment: 
odd. Hang an ivory ball by a thread, and let any Per» E, periment 
5 ſon move it round the flame of a candle, at two or to prore 
e three yards diſtance from your eye: when the ball — 5 


Is beyond the candle, ſo as to be almoit hid by the 
flame, it's enlightened fide will be towards you, and 
appear round like the Full Moon: When the ball 
| is between you and the candle, it's enlightened fide 
; will diſappear, as the Moon does at the Change : 
| When it is half-way between theſe two poſitions, 
it will appear half illuminated, like the Moon in 


1 | her Quarters: But in every other place between 
theſe poſitions, it will appear more or leſs horned 
Cy or gibbous. If this experiment be made with a 


flat circular plate, you may make it appear fully 
enlightened, or not enlightened at all; but can 
never make 1 it ſeem either horned or gibbous. 
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PLATEIL. 142. If you remove about fix or ſeven yar rdg 

Experiment from the candle, and place [yourſelf ſo that it's 

che motion ame may be juſt about the height of your eye, 

of Mercury and then deſire the other perſon to move the ball 

and Venus. flowly round the candle as before, keeping it as 

near of an equal height with the flame as he poſſi- 

bly can, the ball will appear to you not to move 

in a circle, but to vibrate backward and forward 

like a pendulum, moving quickeſt when it is di- 

rectly between you and the candle, and when di- 

rectly beyond it; and gradually flower as it goes 

farther to the right or left ſide of the flame, until 

it appears at the greateſt diſtance from the flame; 

and then, though it continues to move with the 

ſame velocity, it will ſeem to ſtand ſtill for a mo- 

ment. In every Revolution it will ſhew all the 

above Phaſes, 141; and if two balls, a ſmaller 

and a greater, be moved in this manner round the 

candle, rhe ſmaller - ball being kept neareſt the 

flame, and carried round almoſt three times as of- 

ten as the greater, you will have a tolerable good 

repreſentation of the apparent Motions of Mercury 

and Venus ; eſpecially, if the bigger ball deſcribes 

a circle almoſt. twice as large in diameter as the 
circle deſcribed by the leſſer. 

Fig. II. 143. Let ABCDE be a part or eg ment of the 

| viſible Heavens, in which the Sun, Moon, Planets 

and Stars, appear to move at the ſame diſtance from 

the Earth K. For there are certain limits, beyond 

which the eye cannot judge of different diſtances; 

as is plain from the Moon's appearing to be as 

far from us as the Sun and Stars are. Let the 

circle ſgbikimno be the Orbit in which Mercury n 

moves round the Sun S, according to the order 

of the letters. When Mercury is at 7, he diſap- 

pears to the Earth at E, becauſe his enlightened 

ſide is turned from it; unleſs he be then in one of 

The Elon- his Nodes, $ 20, 25; in which caſe, he will appear 

gations of like a dark ſpot upon the Sun. When he is at g 


Digreſſions 
pf Mercary in his Orbit, he appears. at B in the Heavens, welt: 


from the 
rom = | ward 


1 
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ward of the Sun 5, which is ſeen at C: when at 5, PLaTE 11. 
he appears at A, at his greateſt weſtern elongation 
or diſtance from the Sun; and then ſeems to ſtand 
ſtill. But, as he moves from þ to i, he appears to 
go from A to B; and ſeems to be in the fame place 
when at 1, as when he was at g, but not near ſo 
big: at & he is hid from the Earth E by the Sun 
s; being then in his ſuperior Conjunction. In 
going from & to 1, he appears to move from Cto D; 

and when he is at 1, he appears ſtationary at E; 

being ſeen as far eaſt from the Sun then, as he 
was weſt from him at A. In going from to o in 


bis Orbit, he ſeems to go back again in the Hea- 


vens, from E to D; and is ſeen in the ſame place 
(with reſpect to the Sun) at o, as when he was at J; 


but of a larger diameter at o, becauſe he is then 


nearer the Earth E: and when he comes to 7, he 
again paſſes by the Sun, and diſappears as before. 
In going from z to h in his Orbit, he ſeems to go 
backward in the Heavens from Z to 4; and in 
going from þ to u, he ſeems to go forward from 
A to E. As he goes on from 7, a little of his en- 
lightened ſide at g is ſeen from E; at h he appears 
half full, becauſe half of his enlightened ſide is ſeen; 
at i, gibbous, or more than half full; and at & he 
would appear quite full, were he not hid from the 
Earth E by the Sun S. At / he appears gibbous 
again; at à half decreaſed, at o horned, and at ＋ 
new like the Moon at her Change. He goes 
ſooner from his eaſtern ſtation at.» to his weſtern 
ſtation at , than from h ton again; becauſe he 
goes through leſs than half his Orbit in the former 
caſe, and more in the latter. 

144. In the ſame Figure, let FGHIKLMN be Fig. In. 
the Orbit in which Venus v goes round the Sun 
9, according to the order of the letters: and let 
E be the Earth as before. When Venus is at Z, The lan- 
ſhe is in her inferior Conjunction; and diſappears — 
like the New Moon, becauſe her dark fide is to- veaus. 
yard the Earth. At G, ſhe appears half enlightened 


Yi to 
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t the Earth, like the Moon in her firſt quarter: 
at H, ſhe appears gibbous; at J, almoſt full; her 
enlightened fide being then nearly towards the 
Earth: at K, ſhe would appear quite full to the 
Earth E; but is hid from it by the Sun $: at I, 
ſhe appears upon the decreaſe, or gibbous; at M, 
more ſo; at N, only half enlightened; and at F, ſhe 
— diſappears again. In moving from N to G, ſhe 
(ht: ſeems to go backward-in the Heavens; and from 
of Mercury G to N, forward: but, as ſhe deſcribes a much 
and Venus. greater portion of her Orbit in going from G to N, 
than from N to G, ſhe appears much longer direct 
than retrograde in her motion. At M and G ſue 
appears ſtationary; as Mercury does at # and 9. 
Mercury, when ſtationary, ſeems to be only 28 
degrees from the Sun; and Venus, when ſo, 47; 
which is a demonſtration that Mercury's Orbit is 
included within Venus's, and Venus's withia the 
Earth's. 
143. Venus, from her an Conjunction at 
K to her inferior Conjunction at F, is ſeen on the 
eaſt fide of the Sun S from the Earth E; and there. 
fore ſhe ſhines in the Evening after the Sun ſets, 
Morn'nz. and is called the Evening Star : for, the Sun being 
Star, whay, then to the weſtward of Venus, he muſt ſer firſt, 
From her inferior Conjunction to her ſuperior, ſhe 
appears on the weſt ſide of the Sun; and therefore 
Tiles before him, for which reaſon ſhe i is called 7he 
Morning Star. When the is about NM or G, ſhe 
ſhines ſo bright, that bodies caſt ſhadows in the 
night-time. 
146. If the Earth kept always at E, it is evi- 
dent that the ſtationary places of Mercury and 
Venus would always be in the ſame points of the 
Heavens where they were before. For example; 
whilſt Mercury m goes from 5 to n, according 
to the order of the letters, he appears to deſcribe 
The tation. the arc ABC DE in the Heavens, direct: and whilſt 
ary places of he goes from n to b, he ſeems to deſcribe the ſame 


0 he pl 
1 variable, arc back again, from E to 4, retrograde: always 
1 riable : 
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1 at u and þ he appears ſtationary at the ſame points 
er E and Aas before. But Mercury goes round his 
* Orbit, from F to F again, in 88 days; and yet there 


be are 116 days from any one of his Conjunctions, r | 

a apparent Stations, to the ſame again: and the 

, places of theſe Conjunctions and Stations are found 

he to be about 114 degrees eaſtward from the points 

he of the Heaveng where they were laſt before; which 

m proves that the Earth has not kept all that time at 

ch E, but has had a progreſſive motion in it's Orbit 

V, from E to t. Venus alſo differs every time in the 

& places of her Conjunctions and Stations; but much 

he more than Mercury; becauſe, as Venus deſcribes 

h. a much larger Orbit than Mercury does, the Earth 

8 advances fo much the farther in it's annual path 

7; before Venus comes round again. 

is 147. As Mercury and Venus, ſeen from the The Pian. 

he Earth, have their reſpective Elongations from the tions of 
Sun, and ſtationary places; fo has the Earth, ſeen inter: gie, 

at from Mars; and Mars, ſeen from Jupiter; and e egg 

he Jupiter, ſeen from Saturn. That is, to every ſupe- n 

e. rior Planet, all the inferior ones have their Stations 

s, and Elongations; as Venus and Mercury have to 

ng the Earth. As ſeen from Saturn, Mercury never | 

ft. goes more than 22 degrees from the Sun; V enus 


he 4; the Earth 6; Mars 92; and Jupiter 334; fo 
re that Mercury, as ſeen from the Earth, has almoſt 
be gas great a Digreſſion or Elongation from the Sun, 
he as Jupiter ſeen from Saturn. 


he 148. Becauſe the Earth's orbit is n With- A proof of 
in the Orbits of Mars, Jupiter, and Saturn, they te Earth's 
annual mo- 


vi- are ſeen on all ſides of the Heavens: and are as tion, 
nd often in Oppolition to the Sun as in Conjunction 
he I vith him. If the Earth, Rood, ſtill, they would 
e; always appear direct 1 in their motiqns; never retro- 
ng WM grade nor ſtationary. But they ſeem to go juſt as 
be often backward as forward; which, if gravity be 
It allowed to exiſt, affords a ſufficient proof of the 
ne Earih's annual motion: and without it's exiſtence, 
„the Planets could never fall from the tangents of 
at their 
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"PLATE u. their Orbits toward the Sun, nor could a ſtone 


'which is once thrown up from the Earth ever fall 
to the Earth again. 


149. As Venus and the Earth are ſuperior Pla. 


nets to Mercury, they ſhew much the ſame Appear- 
ances to him that Mars and Jupiter do to us. Let 
a OE Mercury m be at f, Venus v at F, and the Earth 
General àt E; in which fituation Venus hides the Earth 
Phenomena from Mercury; but, being in oppoſition to the 
Planeten Sun, the ſhines on Mercury with a full illumined 
paferior, Orb; though, with reſpe& to the Earth, ſhe is in 
conjunction with the Sun, and inviſible. When 
Mercury is at f, and Venus at G, her enlightened 


ſide not being directly towards him, ſhe appears a 


little gibbous; as Mars does in a like ſituation to 


8 us: but, when Venus is at 7, her enlightened ſide 
is ſo much toward Mercury at f, that ſhe appears 


to him almoſt of a round Saane. At K, Venus dif 


appears to Mercury at f, being then hid by the 
Sun; as well as all our ſuperior Planets are to us, 
when in conjunction with the Sun. When Venus 
has, as it were, emerged out of the Sun- beams, as 
at L, ſhe appears almoſt full to Mercury at 7; at 
M and N,' a little gibbous; quite full at F, and 
largeſt of all; being then in oppoſition to the Sun, 
and conſequently neareſt to Mercury at F; ſhining 


ſtrongly on him in the night, becauſe her diſtance 


from him then is ſomewhat leſs than a fifth part of 


her diſtance from the Earth, when ſhe appears 


roundeſt to it between I and K, or between & and 
L, as ſeen from the Earth E. Conſequently, when 
Venus! is oppoſite to tlie Sun as ſeen from Mercury, 
ſhe appears more than 25 times us large to him as 
ſhe does co us when at the fulleſt. Our caſe is al- 
moſt ſimilar with reſpect to Mars, when he is op- 

to the Sun; becauſe he is then ſo near the 
Earth, and has his whole enlightened ſide to- 
wards ic. But, becauſe the Orbits of Jupiter and 
Saturn are very large in proportion to the Earth's 
Orbit, theſe two Planets appear much leſs magn!- 
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fied at their Oppoſitions, or diminiſhed at their pLare u. 


Conjunctions, than Mars does, in proportion to their 
mean Nr Diameters. 


CHAP. VII. 


The obyſe cal Cauſes of the Motions of the Planets. The 
Excentricities of their Orbits. The Times in which 
the Action of Gravity would bring them to the Sun. 
| ARcHIMEDES's ideal Problem for moving the Earth, 
The World not eternal. 


150. ROM the uniform projectile motion of cravitation 
bodies in ſtraight lines, and the univerſal 2 
wer I attraction which draws them off from theſe Fig. IV, 
Tae: the curvilineal motions of all the Planets 
ariſe, If the body A be projected along the right 
line ABX, in open Space, where it meets with no 
reſiſtance, and is not drawn aſide by any other 
power, it will for ever go on with the ſame velo- 
city, and in the ſame direction. For, the force 
which moves it from A to B in any given time, wil] CircolarOr. 
carry it from B to & in as much more time, and bi 
ſo on, there being nothing to obſtruct or alter it's 
motion. But if, when this projectile force has car- 
| ried it, ſuppoſe to B, the body $ begins to attract 
it, with a power duly adjuſted, and perpendicular 
to it's motion at B, it will then be drawn from the 
ſtraight line ABX, and forced to revolve about & 
in ae Circle BY: 70. When the body A comes to rig. W. 
U, or any other part of it's Orbit, if the ſmall body 
1, within the ſphere of U?s attraction, be projected 
as 1n the right line Z, with a force perpendicular 
to the attraction of U, then « will £0 round U in 
the Orbit V, and accompany it in it's whole courſe 
round the body S. Here, 9 may repreſent 1 the Sun, 
U the Earth, and 4 the Moon, 


1351. If a Planet at B gravitates, or 1s attradted, 


9 the Sun, ſo as to fall from B to y in the 
time 


Flliptical 
Orbits. 


The ROO Cauſes of 


ha 3 * neee force would oth . it 
from B to &, it will deſcribe; the curve BY by the 


combined action of theſe, two forces, in the ſame 
time that the projectile force ſingly would have 
carried it from B to A, or, the gravitating power 
ſingly have cauſed it to deſcend from B to y; and 


theſe two forces being duly proportioned, and per. 


pendicular to each other, the Planet, obeying them 


both, will move in the circle BYTU * 


T 52. But if, whilſt the projectile force would ca carry 


the Planer from B to b, the Sun's attraction (which 


conſtitutes the Planet's gravitation) ſhould bring ir 


down from B to 1, the gravitating power would 


then be too ſtrong for the projectile force; and 
would cauſe the Planet to deſcribe the curve BC, 
W hen the Planet comes to C, the gravicaiing power 
(which always increaſes as the ſquare of the «diſtance 


| from the Sun & diminiſhes) will be yet ſtronger for 


the projectile force; and by conſpiring in ſome ce. 
gree therewith, will accelerate the Planet” s motion 
all the way from C'to K; cauling it to deſcribe 
the arcs BE, CD, DE, EE, &c. all in equal times 
Having it's motion thus accelerated, it thereby 
gains ſo much centrifugal force, or tendency to fly 
off at K in the line Kk, as overcomes the Sun's at- 
traction: and the centrifugal force being too great 
to allow the Planet to be brought nearer the Sun, 
or even to move round him in the Circle Kinn, &, 
it goes off, and aſcends in the curve KLMN, &c, 
it's motion decreaſing as. gradually from K to , 
as it increaſed from B to K, becaule the Sun's at 
traction now acts againſt the Planet's projectile mo- 
tion juſt as much as it ated with it before. When 
the Planet has got round to B. it's projectile force 
is as much diminiſhed from it's mean Rare about o 


'* To make the projectile It balance the gravitating powe! 
ſo exactly, as that the body may move in a Circle, the projet. 
tile velocity of the body muſt be ſuch as it would have acqui 
red by gravity alone in Nuk ene half cot radius of the 
circle. 
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auen being more 5 thats ſullicienr to kiep this 
Planet from going off at-B, it deſcribes the ſame 
Orbit over again, by virtue ban the fame forces « or 


: ; ; {x „ PP "74 * 
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A double picjeAtile Kara wilt rave þ ba- 
155 a e power of gravity, - Let the Planet 
at B have twice as great an impulſe from thence 
towards A, as it had before; that is, in the ſame 
length of time that it was projected from B to b, 
as in the laſt example, let it now be projected from 
Bo c; and it will require four times as much gra- 
vity to retain it in it's Orbit: that is, it muſt Tall 
as far as from B to 4 in the time that the projectile 
force would carry it from B to c; otherwiſe it 
could not deſcribe the curve BD; as is evident by the p 1v. 
Figute. But, in as much time as the Planet moves 
from Bro Cin the higher part of it's Orbit, it moves The Planets 
from”7 to X, or from K te T, in the lower part — 1 
thereof; becauſe, from the] joint action of theſe two in equal 
forces, it muſt always deſeribe equal Areas in equal 
times, throughout it's annual 8 Theſe Areas 
are reprefented' by the triangles BSC, CSD, DSE, 
ESF, &e. Whoſe contents are oquaP to one/Wiother; | : 
quite round the Figure. 

154. As the Planets ap e neaker the Sun, A difficulty 
and recede farther from him, in every Revolution; emos. 
there may be ſome difficulty in coneeiving the rea- 
ſon why the power of gravity; when it once gets 
the better of the projectile fore, does not bring the 
Planers nearer and nearer the Son in every Revo- 
lution, till they fall upon and unite with him. Or 
why the projectile foree, when it once gets the 


better of gravity, does not carry the Planers farther 
and farther from the Sun, till it removes them quite 
out of the ſphere of his attraction, and cauſes them 
to go on in ſtraight lines for ever afterward. But by 
conſidering the effects of theſe powers as deſcribed 
In — two laſt ä this difficulty will be re- 
moved. 
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alliptical. Very little different from Circles: but the Orbits of 
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moved. Suppoſe a Planet at B to be carried by 
the projectile force as far as from B to z, in the time 
that gravity would have brought it down from B 
to 1: by theſe two forces it will deſeribe the Curve 
BC. When the Planet comes down to KX, it will 
be but half as far from the Sun & as it was at B; 
and therefore, by gravitating four times as ſtrongly! 
towards. him, it would fall from K to /in the ſame 
length of time that it would have fallen from B to 
1 in the higher part of it's Orbit, that is, through 
four times as much ſpace; but its projectile force 
is then ſo much increaſed At, K.. as would carry, it 
from K to I in the ſame time; being double of 
what it was at B, and is therefore too ſtrong for the 
gravitating power, either to draw the Planet to the 
San, or cauſe it to go round him in the circle Kinn, 
&c. which. would require it's falling from K to , 
through a greater ſpace than gravity can draw. it, 
aul, the projectile force is ſuch as would carry it 
from K to E: and therefore the Planet aſcends in 
it's Orbit KLMN, decreaſing, in it's velocuy: . 
the canſes already Signed 3 in 9 152. "71S 


a. a. Se ad Ama A ac K AY A „ nat „ prgls 


The Plane- 166. The Orbits of all he Planets: wk . Eilipſes, 


tary Orbits 


> ,.. Ss .. . . KkO tk. mea. 


the Comets are very long Ellipſes; and the lower 
focus of them all is in the Sun. If we ſuppoſe the 
mean diſtance (or middle between the greateſt and 
leaſt) of every Planer and Comet from the Sun to 

Their Ec- be divided into 1000 equal parts, the Excentrici- 

heels tjes of tlleir Orbits, boch in fuch. parts and in Em- 
Lo miles, will be as follow. Mercury's, 210 
parts, or 65720, oo miles Venus's, 7 parts, ot 
413,000 miles; the Earth's 17 parts, or 1, 37,000 
Miles Mars's, 93 parts, or 11, 439, oo00 miles; 
Jupiter's, 48 parts, or 20, 352, 000 miles; Sa- 
turn's, 155 parts, or 42,735,000 miles. Of, the 
heareſt of the three forementioned Coniets, 1,458,000 
miles; of the middlemoſt, 2,02 5,000,000 miles; 
and of Fe: outermoſt, 660000, 00. 96 BY 
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156, By the above-mentioned law, $ 150 & 2g. The above 
Wt will move in all kinds of Elle e laws ſuffi- 


Jong or ſhort, if the ſpaces they move in be void of 
reſiſtance. . Only, thoſe which move in the longer 


cient for 


both in cir- 
cular and 


Ellipſes, have ſo much the leſs projectile force im- elliptie Or- 


preſſed upon them in the higher parts of their bie. 


Orbits; and their velocities, in coming down to- 


wards the Sun, are ſo prodigiouſly increaſed by his 


attraction, that their centrifugal forces in the lower 
parts of their Orbits are ſo great, as to overcome 
the Sun's attraction there, and cauſe them to aſcend 
again towards the higher parts of their Orbits; 


during which time, the Sun's attraction acting 8. 
contrary to the motions of thoſe bodies, cauſes | 


them to move ſlower and flower, until their pro- 
jectile forces are diminiſhed almoſt to nothing; 


and then they are brought back again by the Sun's 


attraction, as before. 


157. If the projectile forces of all the Planets t cher 


and Comets were deſtroyed at their mean diſtances 


times the 


from the Sun, their gravities would bring them would fall 


down ſo, as that Mercury would fall to the Sun in 
15 days 13 hours; Venus in 39 days 17 hours; 

the Earth or Moon in 64 days 10 hours; Mars in 
121 days; Jupiter in 290; and Saturn in 767. 
The neareſt Comet in 13 thouſand days; the mid- 
glemoſt in 23 thouſand days; and the outermoſt 
in 66 thouſand days. The Moon would fall to 
the Earth in 4 days 20 hours; Jupiter's firſt Moon 
would fall to him in 7 hours, his ſecond in 13, his 


third in 30, and his fourth in 71 hours. Saturn's 


firſt Moon would fall to him in 8 hours, his ſecond 
in 12, his third in 19, his fourth in 68 hours, and 
his ft i in 336. A ſtone would fall to the Earth's 
center, if there were an hollow. paſſage, in 21 
minutes 9 ſeconds. Mr. WRHISsToR gives the fol- 
lowing Rule for ſuch Computations. It is de- 
monſfrable, that half the Period of any Planet, 


when it is diminiſhed in the ſeſquialteral propor- 
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tion 


to the Sun 
by the power | 
of gravity. ' 
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tion of the . 1 to the number 2, or neatly 
in the proportion of 1000 to 2828, is the time that 
it would fall to the center of it's Orbit.” This 
proportion is, when a quantity or number contains 
another once and a balf as much more. ' 
The prodi- 18. The Joel motions of the Moons of Jopite 
norms ind Saturn round their Primaries, demonſtrate that 
Sun and theſe two Planets have ſtronger attractive powers 
__—_— than the Earth has. For, the ſtronger that one 
body attracts, another, the greater muſt be the pro- 
jectile force, and conſequently the quicker muſt be 
the motion of, that other body to keep it from fall. 
ing to it's primary or central Planet. Jupiter's 
ſecond Moon is 124 thoufand miles farther from 
Jupiter than our Moon is from us; and yet this 
ſecond Moon goes almoſt eight times round Jupiter 
whilſt our Moon goes only once round the Earth. 
What a prodigious attractive power muſt the Sun 
then have, to draw all the Planets and Satellites of 
the Syſtem towards him; and what an amazing 
pover mult it have required to put all theſe Planets 
and Moons into ſuch rapid Motions at firſt! Amaz- 
ing indeed to us, becauſe impoffible to be effected 
by the ſtrength of all the living Creatures in an un- 
limited number of Worlds; but no ways hard for 
the Almighty, Whole! Planetarium Mer in the 

ate ne, Univerſe! * 55 5 1 


1 159. The brad Abe f Ades affirmed he 


. evi move the Earth, if he had à place at a diſ- 

raifing the tance from it to ſtand upon to manage his machine: 

Tom *, This aſſertion is true in Theory, but, upon 

examination, will be found abſolutely impoſſible in 

fact, even though a proper place and materials of 
ſufficient ſtrength could be had. ; 

The ſimpleſt and eaſieſt mech of moving a 

heavy body a little way is by a lever or crow,” where 


a ſmall weight or power applied ro the long arm 


att, 
* Ag _ gc, Xa TOY X20 ov. K;, 5 G Give me 4 
place to ſtand on, and 1 ſhall move the Earth, ' 1 
WI 


the Planets Motions. 


will raiſe a great weight on the ſhort one. But 
then, the ſmall weight muſt move as much quicker 


the former; and the length of the long arm of the 
lever muſt be in the ſame proportion to the length 
Jof the ſhort one. Now, ſuppoſe a man to pull or 
preſs the end of the long arm with the force of 
200 pound weight, and that the Earth contains in 


or 4000 Trillions of cubic feet, each at a mean 


Or center of motion of the lever is 6000 miles 
rom the Earth's center: in this caſe, the length 


tion to the moving power or weight ought to be 
12,000,000,000,000,000,000,000,000 or 12 Qua- 


drillions of miles; and ſo many miles muſt the 
power move, in order to raiſe the- Earth but one 
mile: whence it is eafy to compute, that if Ax cHf- 
up Es, or the power applied, could move as ſwift as a 


rannon- bullet, it would take 27, ooo, ooo, ooo, ooo 


For 27 Billions of years to raiſe the Earth one inch. 
' If any other machine, ſuch as a combination of 


81 


than the great weight, as the latter is heavier than 


round numbers, 4, ooo, ooo, ooo, ooo, ooo, ooo, ooo 


rate weighing 100 pound; and that the prop 


of the lever from the Fulcrum or center of mo- 


wheels and ſcrews, was propoſed to move the Earth, 


Ithe time it would require, and the ſpace gone 
through by the hand that turned the machine, 
would be the ſame as before. Hence we may 
learn, that however boundleſs our Imagination and 
Theory may be, the actual operations of man are 


| confined within narrow bounds ; and more ſuited 


to our real wants than to our deſires. | 


160. The Sun and Planets mutually attract each 
ther: the power by which they do ſo we call 
(Gravity, But whether this power be mechanical 
or no, is very much diſputed. Obſervation proves 
chat the Planets diſturb one another's motions by 
It, and that it decreaſes according to the ſquares of 
the diſtances of the Sun and Planets; as light, 
Which is known to be material, likewiſe does. 
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The phyſical Cauſes of 


Hence Gravity ſhould ſeem to ariſe from the agency 
of ſome ſubtle matter preſſing towards the Sun and 


Planets, and acting like all mechanical cauſes, by 


contact. But on the other hand, when we con- 


ſider that the degree or force of Gravity is exactly 


in proportion to the quantities of matter in thoſe. 


bodies, without any regard to their bulks or quan- 
tities of ſurface, acting as freely on their internal as 
external parts; it ſeems to ſurpaſs the power of 
mechaniim ; and to be either the immediate agency 
of the Deity, or effected by a law originally eſta- 
bliſked and. impreſt on all matter by him, But 
ſome affirm that matter, being altogether inert, 


cannot be impreſſed with any Law even by al- 


mighty Power: and that the Deity, or ſome ſub- 
ordinate intelligence, muſt therefore be conſtantly 
impelling the Planets toward the Sun, and moving 
them wich the ſame irregularities and diſturbances 
which Gravity would caule, it it could be ſuppoſed 
to exiſt. Bur, if a man may venture to publiſh his 
own thoughts, i it ſeems to me no more an abſurdity, 
to ſuppole the Deity capable of infuſing a Law, or 
what Laws he plraſes, into matter, than to ſuppoſe 


him capable of giving it exiſtence at firſt, The 


manner of both is equally inconceivable to us; 
but neither of them imply a contradiction in our 


ideas: and what 1mplies no conrradifonss is within 
the power of Omnipotence. 


161, That the projectile force was at Gr given 
by the Deity is evident. For, ſince matter can 
never put itſelf in motion, and all bodies may be 


moved in any direction whatſoever; and yet the 


Planets, both primary and ſecondary, move from 


welt to eaſt, in planes nearly coincident ; whilſt the 


Comets move in all directions, and in planes very 
different from one another; theſe motions can 
be owing to no mechanical cauſe- or neceſſity, 


but to the free will and Power os an intelligent 


wa- 22 | 10 
n een 20 0 36a. What: 


ie Planets Motions. © $3 


162. Whatever Gravity be, it is plain that it 
acts every moment of time: for if it's action ſhout 

| ceaſe, the projectile force would inſtantly carry off 

the Planets in ſtraight lines from thoſe parts of 

their Orbits where Gravity left them. But, the 
Planets being once put into motion, there is no 
occaſion for any new projectile force, unleſs they 
meet with ſome reſiſtance in their Orbits; nor for 
any mending hand, ualcfs they diſturb one another 
too much by their mutual attractions. 

163. It is found that there are diſturbances The Planets 
among the Planets in their motions, ariſing from 8 
| their mutual attractions when they are in the ſame motions. 
quarter of the Heavens; and the beſt modern ob- 

ſervers find that our years are not always preciſely 
| of the ſame length *, Beſides there is reaſon to 
believe that the Moon is ſomewhat nearer the 
Earth now than ſhe was formerly; her periodical 
| month being ſhorter than it was in former ages. 

For our Aſtronomical Tables, which in the preſent The con- 
Age ſhew. the times of Solar and Lunar Eclipſes 8 
to great preciſion, do not anſwer ſo well for very 5 
ancient Eclipſes. Hence it appears, that the Moon 

does not move in a medium void of all reſiſtance, 

9174; and therefore her projectile force being a 

little weakened, whilſt there is nothing to diminiſh 

her gravity, ſhe muſt be gradually approaching 

nearer the Earth, deſcribing ſmaller and , ſmaller 
Circles round it in every Revolution, and finiſhing 

her Period ſooner, although her abſolute motion 


* If the Planets did not mutually attract one another, the 
areas deſcribed by them would be eactly proportionate to the 
times of deſcription, F 153. But obſervations prove that theſe 
areas are not in ſuch exact proportion, and are moſt varied 
when the greateſt number of Planets are in any particular quar- 
ter of the Heavens. When any two Planets are in conjunction, 
| their mutual attractions, which tend to bring them nearer to 
one another, draws the inferior one a little farther from the 
dun, and the ſuperior one a Intle nearer to him; by which 
means, the figure of their Orbits is ſomewhat altered; bat 
this alteration is too ſmall to be difcovered in feveral ages. 
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84 Concerning the Nature and 


[| with regard to ſpace be not ſo quick now as it was 
i formerly: and, therefore, ſhe muſt, come to the 
| Earth at laſt; unleſs tllat Being which gave her 
a ſufficient projectile force at the beginning, add 
By 2 little more to * in due time. And, as all the 
| Planets move in ſpaces full of ether and light, which 
ate material 11115 ances, they toò muſt meet with 
| ſome reliftance. And therefore, if their gravities 
are not diminiſhed; nor their Projectile forces in-. 
creaſed, they muſt neceſſarily approach nearer and 
i n)earer the Sun, and at length f fall upon and unit | 
38 | wich hike * INS; ; | 
18 The World? 164. Here we have a ng philoſophical argu-W | 
1 N ment againſt the eternity of the World. For, ha 
1 1 it exiſted from eternity, and been left by the Dei 
118 to be governed' by the combined actions of th 


[|| above forces or powers, generally called Laws, i 

| | had been at an end long ago. And if it be left uf 

them, it muſt come to an end. But we may be 

| 4 certain that it will laſt as long as was intended by 

122 eee, ls Author, who ought no more to be found fa 1 

oF with for "framing ſo periſhable a work, than " | 
51 4 man mortal. 
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iz | I -ricles/of matter iſſuing from a luminoiÞ 
1 body 3 48 ftom à lighted candle ſuch particles 

| — in all directions. Dr. Nin 
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it ENT computes, that in one ſecond of time the 
i} The am3%3 flows4183660;000,000,900,000,000,000,000,00 


1 ing ſmail- 
1 | neſs of the ©0Cz000,000,000;@00 particles of light out of 
1 E burning candle; Which number contains at le- 


It | | * Religious Philoſopher, Vol. Ul. page 65. p g 
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6, 375242, O00, O00 times the number of grains 
end in 2 N Fug. 10 W 109 grains 


„ A 4 


as upon. our EY, Excite in our INT, 7 152 idea kal effech 
oflight: and, if they were as large as the ſmalleſt cncae from 


particles of matter diſcernible' by our beſt micro- heir bring | 


larger. 


ſcopes, inſtead of being ſerviceable to us, they 
would ſoon deprive us of ſight by the force ariſing 
from their immenſe velocity, which is aboye 164 
thouſand miles every ſecond *„ or 1,2 30, 00 times 


| ; ſwifter than the motion of a cannon- bullet. And 
['Y therefore, if the particles of light were ſq lrg ge, 


that a million of tbem were equal! in bulk to an 
ordinary grain of ſand, we durſt no more open our 
eyes to the light, than 1uffer 6915 to be ſhot Pre 
blank againſt thnem. 


167. When theſe ſmall Wee dowing i How objects 


the Sun or from a candle, fall upon bodies, and become vi- 


ble to us. 
are thereby reflected to our eyes, they excite in 


us the idea of that body, by forming it's picture 

on the retina. And ſince bodies are viſible on 

all ſides, light muſt be reflected from ! in all 
directions. r eta. N 

168. A ray of Ache is a continued Grew . Aer 
theſe particles, flowing from any viſible body in . —.— 
ſtraight line. That the rays move in ſtraight, and i» duaisht 
not in crooked lines, unleſs they be refracted, ww 
evident from bodies not being vifible if ve eridea- 

vour to look at them through the bore offa bend- 

ed pipe; and from their geaſing to be ſeen by the 

inter poſition of other bodies, as the fixed Stars by 

the interpoſition of the Moon and Planets, and 


the Sun wholely or in part by the interpoſition of 


the Moon, Mercury, or Venus. And that theſe A provf that 
rays do not interfere, or joſtle one another out of e eee, 


not ane ange 


This will be demonſtrated in the eleventh Chapter. ther's mo- 
T A fine net-work membrane in the bottom of the eye. 3 


GS - their 


from the 
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PLATE 11, their ways, in flowing from different bodies all 


. 


Tig. XI. 


In what 


proportion 


light and 
heat de · 
creaſe at 
any given 
diſtance 


Sun. 


place a, ſheet of pap 


around, is plain from 1 following Experiment. 
Make 3 little hole in a thin plate of metal, and 
ſet the plate ban on a table, facing a row of 
lighted candles ſtanding by one angther ;- then 
er or paſteboard at a little diſ- 
tance from the other ſide of the plate, and the rays 


of all the candles, n through the hole, ll 
form as many. ſpecks of 
there are candles before the plate; each ſpeck as 


light on the paper as 


diſtinct and large, as if there were only one candle 
to caſt one ſpeck; which ſhews that᷑ the rays are 
no, hindrance to each other in their motions, al- 


Wonen Wey all croſs i in the hole. i nn] hn 


| 169. A. abt, and 8 hn f "xp as it Fg 
pends. on the Sun's rays (§ 85, towards the end) 
decreaſes in proportion to the ſquares of the diſ- 
tances of the Planets from the Sun, This is eaſily 


demonſtrated by a Figure which, together with 


it's deſcription, I have taken from Dr. Suir's 

tics*.. Let the light which flows from a point 
Fad paſſes through a ſquare hole B, be receiv- 
ed upon a plane Ga parallel to the plane of the 
hole; or if you pleaſe, let the figure C be the 
ſhadow of — plane B; and when the diſtance C is 
double of B, the leng ch and breadth of the ſha- 
dow C will be each 1 of the length and 


breadth of the plane B; and; treble — AD-is 


treble of AB; and ſo on: which may be cally 
examined by the light of a candle placed at 4. 
Therefore the ſurtace of the ſhadow C, at the 
diſtance A double of Az, is diviſible i into four 
ſquares, and at a treble diſtance, into nine ſquares, 
ſeveralhy equal to the ſquare B, as repreſented in 
the Figure. The light chen which falls upon the 
plane B, being ſuffered; to paſs to double that 
diſtance, will be uniformly ſpread over four times 


a the ſpace, and conſequently will be four times 


S wt * Ks 


* Book f. Art. 57. | 
thinner 


mend, air; and even a vacuum is ſontetimes called a Medium. 
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thinner in every part ef that ſpace; and at a treble PLATE 11, 
diſtance; it will be nine times thinner ; and at a e 
quadruple diſtance, ſixteen times thinner, than it 
was at firſt; and ſo on, according to the increaſe 
of the ſquare ſurfaces B, C, D, E, built upon the 
diſtances AB, AC, AD, AE. Conſequently, the 
quantities of this rarefied light received upon a 
ſurface of any given ſize and ſhape whatever, re- 


moved ſuceeſſively to theſe ſeveral diſtances, will 


be but one fourth, one ninth, ont ſixteenth of 
the whole quantity received by it at the firſt: diſ- 
tance AB. Or in general words, the denſities and 


I quantities of light, received upon any given plane, 

are diminiſhed in the ſame: proportion, as the 
ſquares of the diſtances of that plane, from the 
luminous body, are increaſed : and on the con- 
| IJ trary, are increaſed in the ſame proportion as theſe 
ſquares are diminiſſiet. | 54.24 | 


170. The more a teleſcope magnifies the diſks why the 


Jof the Moon and Planets, they appear ſo much Planets ap- 


pear dim- 


| dimmer than to the bare eye; becauſe the tele- mer when 
| 7 ſcope cannot magnify the quantity of light, as it uro 


teleſcopes 


does the fur face; and, by ſpreading the fame than by the 


quantity of light over a ſurface ſo much larger bare eye. 
than the naked eye beheld, juſt ſo much dimmer 
muſt it appear when viewed by a: teleſcope than 


by the bare eye. 0 DAE M9091 54 Get | 4OL 
171. When a ray of light paſſes out of one 


A 5 1 4 


medium“ into another, it is refracted, or turned 
cout of it's firſt courſe, more or leſs, as it falls 


more or leſs obliquely. on the fefracting ſurface 


wich dieides the cwo mediums. This may be 


proved by ſeveral experiments; of which we:ſhall 


1 give three for exampheꝰs fake. 1. In a baſon rig. vin. 


FGH put a piece of money as D, and then retire 
from it as to A, till; the edge of the baſon at E ; 


Joſt hides the money fromyour fight pthen, keep- 


Eats. 11 0 118 Ein Horneinn IEF £41 4 cy” 1 #}+ 
A medium, in this ſenſe, is any tranſparent body or that 
through which the rays of light can paſs ; as water, glaſs, dia- 


G 4 ing 
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Refraftion 
of the rays 


of light. 


ſphere, - 


Concerning the: Atmoſphere. 


ing your head ſteady, let another perſon fill the 


baſon gently, with, Water. As he fills it, you will 


ſee more and more of the piece DB; which will 


be all in view, when the baſon is full, and appear 


as if lifted up to C. For the ray AEB, Which 


was ſtraight. whilſt the, baſon was empty, is now 
bent at the ſurface of the water in A, and turned 
out of it's rectilineal courle into the erte ED. 
Or,.in other words, the ray DEK, that proceeded 
in a ſtraight line from the. Nm D whilſt the baſon 
was empty, and went above the eye at A, is now 
bent at E; and. inſtead of going: on in the recti- 
lneal Aft, DEK, goes in the angled direction 
D ut and. by entering the eye at A renders the 
object DB viſible. Or, 2dly, Place the baſon 
where the Sun ſhines obliquely, and obſerve where 
the ſhadow of the rim E falls on the bottom, az 
at B: then fill it with, water, and the ſhadow will 
| Fall at D; which proves, that the rays of light, fall- 
ing abliquely,,on, the, ſurface of the waters are re- 
fracted, o © be nt downwards i into it. 
1 72 "I he leſs obliguely the rays of light fall 
upon the Arbe ce mediums the leſs they are 
fracted ; an 25 they fall perpendicularly thereon, 
they are not getracted at all. For, in the laſt ex- 
deriment, the higher, the Sung ciſes, the leſs will 
e the diftcrence, between the places where the 
edge ot N lo falls, in the empty and full 
090 n. And, 3d y H 2 ſtick be laid over the 
Op, and the Sun's rays being reflected perpendicu- 
larly into 1 iO Belong: glaſs the, ſhadow of 
the. ſtic 990 an 3 es the ſame place of the bot- 
tom, wh 7 alan be full or empty: 
1 1010 72 chat ee en 1s, be mor 
ht refracied in paſüng through it. 
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F matter, d the Air or Atmoſphere, 
which gravitates to the Earth, revolves wich it in 


it's diurnal motion, and goes round the Sun with 
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Concerning the Atmoſphere. 


it every year. This fluid is of an elaſtic or ſpringy 
nature, and it's lowermoſt parts, being preſſed by 
the weight of all the Air above them, are preſſed 
the cloſer together; and are therefore denſeſt of all 
at the Earth's Surface, and gradually rarer the 
higher up-. It is well known“ that the Air near 
the ſurface of our Earth poſſeſſes a ſpace about 
1200 times greater than Water of the ſame 
weight. And therefore; 4 cyhndric column of 
Air 1200 feet high is of equal weight with a cy- 
linder of Water of the ſame breadth; and but one 
foot high. But a cylinder of Air reaching to the top 
of the Atmoſphere is of equal weight with a cylin- 
der of Water about 33 feet high ; and therefore 
if from the whole cylinder of Air, the Iqwer part 


of 1200 feet high is taken away, the remaining 


upper part will be of equal weight with a cylinder 
of Water 32 feet high; wherefore, at the height 
of 1200 feet, or two furlongs, the weight of the 


incumbent Air is leſs, and conſequently the rarity 


of the compreſſed Air is greater than near the 
Earth's ſurface, in the ratio of 33 to 32. And 
having this ratio, we may compute the rarity of 
the Air at all heights whatſoever, ſuppoſing the 
expanſion thereof to be reciprocally proportional 
to it's compreſſion; and this Proportion has been 
proved by the experiments of Dr. Hooke and 
others. "The reſult of che computation J have ſet 
down in the annexed Fable: in the firſt column 
of which you have the height of the Air in miles, 
whereof 4000 make a ſemi diameter of the Earth; 
in the ſecond the compreſſion of the Air, or the 
incumbent weight; in the third it's rarity or ex- 


panſion, ſuppoſing gravity to decreaſe in the du- 


plicate ratio of the diſtances from tlie Earth's 
center. And the ſmall numeral figures are here uſed 
to ſnew what number of cyphers muſt be joined 


HM Nxwrox's Syſtem of the World. p. 120. 
} This is evident from common pumps. 
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17 rom — 3 Table it appears that the Air 
in proceeding upwards, is rarified in ſuch manner, 
thata ſphere of that Air which i 
but of one, inch diameter, if; dilated. to an equal 
rarefaction with that of the Air at the Gone of 
eters. of the Earth, would fill u 
more ſpace ch an is contained in the whole — 
on this ſide the fixed Stars. 
pears that the 
Tor and unreſiſt 


is neareſt the Earth 


And it likewiſe ap- 
move in a perfect 
although the Ait, 


erde equal to her diſtance, is at leaſt 


8 
= 


in many ages. 


times thinner than at the Earth's. ſur- 
— and therefore cannot t, on Boten. i as 


0h che A 7] 1 


7 — 
D* by 
ances in 
tate, the. 


Beben 
1 nd if the tube 
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wer. Mean, 


Air, at t the Earth's ſar- 


made, with the Air- 


rhe quantity. of mercury that 


\the., barometer, in 
mercury ſtands 292 


were a quare inch 


wide, it — 15 - that height contain 29 cubic 
inches of 3 which is juſt 15 — 


> 307 > — 4 
8 75 n 4 8 — — 
8 7 2 * E FP 0 2 * . R N 0 « . * E, n D 
pd Se To; © A994 RR I ST ET UE ae pi: Ears Be nl EONS ²˙ü—ꝛ—ĩ—ñ Fine ee BER 9 RAN ) 5 8 4 . 
+, . 3 3 „ ideas Ei ade's Ha AGO INN 8 8 ( TY 1 > a 5 * - x 
: F * * 5 ST; by $ 1 y 330 1 RS 8 Tn EO Bs Fe Oe OP $2 4 E C Ro nies, FR 8 Ta x: E "as l 
NN nds. WY WO ins ops \ cs. SE Oe Ter ENG IS Pos 1 44 1 D > A \ 
5 — A Eos os AS CAL Ss,» ie 5 COSINE BEES» 2 Oy Be. 
« * SING I ESR GW AI er, 25 8 oy IT E wry "> x ; 2 5 
- 2 Nn — n 1 8 1 S NN rene >, 8 882 —— 
; * 4 * © b HOSES PIES Y «\ & n * 2 7 
| z 5 : x 2 * CC A 


wy. 


—we <= TT oQ' Fn www AA - 7 


Oo. 


and ſo much weight of Air every ſquare inch ß 


the Eirth's ſurface ſuſtains; and every: ſquare foot 

144 times as much, becauſe it contains 144 ſquare 
inches. Now, as the Earth's ſurface contains, in 
round numbers, 200, oco, ooo ſquare miles, it muſt 
contain no leſs than 5,373, 680, ooo, ooo, oos ſquare 
feet; which being multiplied hy 2160, the num- 

ber of pounds on each ſquare foot, amounts to 

12,043, 468, 800, , ooο, oc o pounds, for the 

weight of the whole Atmoſphere: At this rate, a 
middle-ſized man, whole ſurface is about 15 ſquare 

feet, is:prefſed:by 3a, 300 pound weight of Air alt 
around; for flaids-prefs equally up and down; and 

on all ſides. But, becauſe this enormous weight 

is equal on all ſides, and counter: balanced by the 

ſpring of the Air diffuſed through. all parts of our 
bodies, it is not in the leaſt degree felt by us. 
176. Oftentimes the ſtate of the Air is ſuch, A common 
that we feel ourſelves languid and dult; which is bon che 
commonly thought to be occaſioned by the Air's weight of 
being foggy and heavy about us. But that the IO 
Air is then too light, is evident from the'*mer- 

cury's ſinking in the barometer, at which time it 


is generally found that the Air has not ſufficient 


ſtrength to bear up the Vapours which compoſe 
the Clouds: for, when it is other Wiſe, the Clouds 
mount high, and the Air is more elaſtic and weighty 
about us, by whieh means it balances the internal 
ſpring of the Air within us, braces up our bloods 
veſſels and ner ves, and makes us briſk and lively. 
177. According to * Pr. KIU, and other aftro- without an 
nomical writers, it is entirely owing to the Atmo- Atmoſphere 


ſphere that the Heavens appear bright in the days would al- 


time. For, without an” Atmieſphere, only that %% rear 


f ; : 5 e 5 dark, and 
part of the Heavens would hin in which the Sun we mould 
was placed: and if we could live Without Air; 8 at 


and ſhould turn our backs toward the Sun, the 
whole Heavens would appear as dark as in the 


See his Aſtronomy, p. 232. . 
*** night, 


— . ü 


EE - Concerning the Atmoſphere. 


PLATE H. night, and the Stars would be ſeen as clear as in 
the nocturnal ſæy., II 155 caſe, we ſhould have 
no Fenster ben za ſudden tranſition from the 
brighteſt ſunſhine to the blackeſt darkneſs imme. 
1 after ſun · ſet; and from the blackeſt dark. 
neſs to the brighteſt ſt ſunſnine at ſun-riſing; which 
would be extremely inconvenient, if not blinding, 
to all mortals. But, by means of the Atmo- 

ſphere, we enjoy the Sun's light, reflected from 

the aerial particles, for ſome; time before he riſes 
and after he ſets. For, when the Earth by it's 
rotation has withdrawn our fight from the Sun, 
the Atmoſphere bei F ſtill higher than we, has tie 
Sun's light imparted, to it; which, gradually de. 
creaſes until he has got 18 degrees below the Ho- 
rizon; and then, all that part of the Atmoſphere 
which is above us is dark. From the length of tui. 
light, the Doctor has calculated the height of the 
Atmoſphere (ſo far as it is denſe enough to reflet 
any light) to be about 44 miles. But it is ſeldon|f 
denſe endung at t two miles bei to bear up the 


Clouds. 


It brings the 178. The Atmoſphere refracts the Sun 8 rays 
1 ſo, as to bring him in ſight every clear day, befor 
riſes, and he riſes in the Horizon; and to keep him in vien 
Keeps him for ſome minutes after hes really ſet below i. 
he ſets For, at ſome times of the year, we ice the Sun tel 
minutes longer above the Horizon than he would 
be if there were no refractions: and about fix mi- 
nutes every day at a mean rate. 
rig. Xx. 179. To illuſtrate this, let IER be a part of tht 
.-. Earth's ſurface, covered with the Atmoſpher 
HGF; and let HEO be the“ ſenſible Horiza 
of an obſerver at E. When the Sun is at A, real 
below the: Horizon, a ray of light AC proceedin 
from him comes ſtraight to 0. where it falls ol 
the ſurface of the Atmoſphere, and there entering 
a denſer medium, it is turned out of it's rectiline 


* As far as one can ſee round him on the Earth, 


: 


court 
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Concerning the Atmuſphere.” | 93 


courſe 222 and bent down to the obſerver's eye 
at E; who then ſees the Sun in the direction of 
the refracted ray Ede, which lies above the. Hori- 
zon, and deing extended oũt to the Heavens, 
news the Sun at B, G 1177. 
180. The hie her e Sun riſes, the lels his rays 
are refracted, becauſe they fall leſs obliquely on 
the ſurface of the Atmoſphere, & 172. Thus, 
when the Sun is in the direction of the line EIL. 
continued, he is fo nearly perpendicular to the 
ſurface of the Earth at E, that his rays are bur 
very little bent from a rectilineal Pure 
181. The Sun is about 32 min. of a 366: The quan- 
breadth, when at his mean diſtance from the {205 
Earth; and the horizontal refraction of his rays 1s 
334 min. which being more than his whole dia- 
meter, brings all his Diſc in view, when his upper- 
moſt edge riſes in the Horizon. At ten deg. 
height, the refraction is not quite x min.; at 20 
deg, only 2 min. 26 ſec. ; at 30 deg. but 1 — 2 
32 ſec.; between which and the Zenith, 
ſcarce ſenſible : the quantity throughout, is men 
by the annexed table, calculated by Sir IsAAc 
NEWTON, 
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Concerning. the Atmoſphere. i 95 
1383. In all obſervations, to have the true alti- PLATE Ib. © 
= | tude of the Sun; ; Moon, Or Stars, the refraction 
muſt be ſubtracted from the obſerved altitude. 
hut the quantity of refraction is not always the n n- 
came at the ſame altitude; becauſe heat diminiſhes ane of . 
ce Air's refractive pawer and denſity, and cold Refractiong. 
increaſes both; and therefore no one table can 
ſerve preciſely for the ſame place at all ſeaſons, 
nor even at all times of the ſame day; much leſs 
for different climates: it having been obſerved 
that the horizontal refractions are near a third part 
leſs at the Equator than at Paris, as mentioned by 
pr. Sura in the 370th remark on his Optics, 
vhere the following account is given of an extra- 
ordinary refraction of the Sun- beams by cold. 
« There is a famous obſervation of this kind made, y re- 
by ſome Hollanders that wintered in Nova Zembla markable, 
in the year 1396, who were ſurprized to find, —— 
after a continual night of three months, the Sun fraction. 
began to riſe ſeventeen days ſooner than according 
to computation, deduced from the Altitude of the 
Pole obſerved to be 76 Which cannot otherwiſe ; 
de accounted for, than by an extraordinary refrac- 
don of the Sun's rays, paſſing through the cold 
= denſe air in that climate. KEPLER computes that 
the Sun was almoſt five degrees below the Horizon 
when he firſt appeared; and conſequently the re- 
fraction of his rays was about nine times greater 
R 
183. The Sun and Moon appear of an oval 
figure, as FCGD, juſt after their rifing, and be- , x. 
tore their ſetting: the reaſon is, that the refraction 
being greater in the Horizon than at any diſtance 
above it, the lowermoſt limb G appears more ele- 
Wy vated than the uppermoſt. But although the re- 
fraction ſhortens the vertical Diameter FG, it has 
vo ſenſible effect on the horizontal Diameter CD, 
ich is all equally elevated. When the refraction 
o ſmall as to be imperceptible, the Sun and 
Moon appear perfectly round, as AEB. 
185. We 


Aden cas. appear moſt diſtinct are generally thoſe which are 


not judge | = * 2 «of 8 | 
33 neareſt to us; and conſequently, when we have 


the aiſtanee nothing but our imagination to aſſiſt us in eſtima. 
Aost cad ting of diſtances, bright objects ſeem nearer to us 


Concerning the Atmoſphere. 
185. We daily obſerve, that the objects which 


8 than thoſe which are leſs bright, or than the ſame 
objects do when they appear leſs bright and worſe 
defined, even though their diſtance in both caſe 
be the fame. And if in both caſes they are ſeen 

under the ſame Angle *, our imagination natu- 


PLATE II. An Angle is the inclination of two right lines, as IH and 

Fig. V. KH, meeting in a point at ; and in deſcribing an Angle by 

three letters, the middle letter always denotes the angular 

point: thus, the above lines IH and KH meeting each other 

at H, make the Angle IHK. And the point H is ſuppoſed 

be the center of a Circle, the circumference of which contains 

zto equal p'rts, called Degrees. A fourth part of a Circle, 

called a Quadrant, as GE, contains go degrees; and everſ 

Angle is meaſured by the number of degrees in the Arc it cut 

off; as the Angle EHP is 45 degrees, the Angle EH zz, &, 

and ſo the Angle EHF is the ſame with the Angle CHN, and 

alſo with the Angle AHM, becauſe they all cut off the ſame 

Arc or portion of the Quadrant EG; but the Angle EHI 

is greater than the Angle CHD or AHL, becauſe it cuts off a 
greater Are. | | | 

The nearer an object is to the eye, the bigger it appears, 

and under the greater Angle is it ſeen. To illuſtrate this 4 

little, ſuppoſe an Arrow in the poſition IK, perpendicular tothe 

right line HA drawn from the eye at I through the middled 

the Arrow at O. It is plain that the Arrow is ſeen under the 

Angle HK, and that HO, which is it's diſtance from the eye, 

divides into halves both the Arrow, and the Angle under which 

it is ſeen, viz. the Arrow into 10, OK, and the Angle into 

| {HO and KHO: and this will be the caſe whatever diſtance 

the Arrow is placed at. Let now three Arrows, all of the ſame 

length with IX, be placed at the diſtances HA, HC, HE, fil 

perpendicular to, and biſected by the right line HA; then wil 

AB, CD, EF, be each equal to, and repreſent OI; and 46 

(the ſame as OI will be ſeen from # under the Angle AH; 

but CD (the ſame as OI) will be ſeen under the Angle CHD 

or AHL; and FF (the ſame as OT) will be ſeen under tit 

Angle EHF, or CH, or AHM. Alſo EF or Ol at the dis 

tance HE will appear as long as CN would at the diſtance Hl, 

or as AM would at the diſtance HA; and CD or 10 at tis 

diſtance HC will appear as long as AL would at the * 


\ 


The Phenomena of the Horizontal Moon, &c. 


rally ſuggeſts an-idea of a greater diſtance between 
us and thoſe objects which appear fainter and 
Vorſe defined than thoſe which appear brighter 
under the ſame Angles; eſpecially if they be ſuch 
objects as we were never near to, and of whoſe 
real Magnitudes we can be no judges by ſight. 


more or leſs bright, that we may be deceived: for 
we may make a wrong concluſion even when we 
view chem under equal degrees of brightneſs, and 
under equal Angles ; although they be objects 
= whoſe bulks we are generally acquainted with, 
W ſuch as houſes. or trees: for proof of which, the 
two following inſtances may ſuffice: 85 | 
Firſt, When a houſe is ſeen over a very broad 
river by a perſon ſtanding on low ground, who 
ſees nothing of the river, nor knows of it before- 
hand; the breadth of the river being hid from 
him, becauſe the banks ſeem. contiguous, he loſes 
the idea of a diſtance equal to that breadth; and 
the houſe ſeems {mall, becauſe he refers it to a leſs 
diſtance than it really is at. But, if he goes to a 
place from which the river and interjacent ground 
can be ſeen, though no farther from the houſe, he 
then perceives the houſe to be at a greater diftance 
than he imagined ; and therefore fancies it to be 
bigger than he did at firſt ; although in both caſes 
it appears under the.ſame Angle, and conſequently 
makes no bigger picture on the retina of his eye 
in the latter caſe than it did in the former. Many 
have been deceived, by taking a red coat of arms, 
fred upon the iron gate in Clare Hall walks at 


HA. So chat as an object approaches the eye, both it's Mag- 
niude and the Angle under which it is ſeen increaſe; and as 


4 


the object recedes, the contrary. 


IH. M. 


. 186, But, it is not only in judging of the dif- ana- 
ferent apparent Magnitudes of the ſame objects, „ich are 
which are better or worſe defined by their being =cceflible. 


aſſigned. 


Tue Phenomena of the 


PLATE NH Cambridge, for a brick houſe at a much greater 


diftance?.::;_::. FS pts ? 

_ Secondly, In foggy weather, at firſt ſight, we 
generally imagine a {mall houſe, which is juſt at 
hand, to be a great caſtle at a diſtance ; becauſe it 
appears ſo dull and ill defined when ſeen through 
the Miſt, that we refer it to a much greater diſ- 


tance than it really is at; and therefore, under the 


fame Angle, we judge it to be much bigger. For, 
the near object FE, ſeen by the eye ABD, appears 
under the ſame Angle GCH that the remote ob- 
ject GHIdoes: and the rays GFCN and HECM 


_ croſſing one another at C in the pupil of the eye, 


limit the ſize of the picture AN on the retina; 


| which is the picture of the object FE, and if FE 


were taken away, would be the picture of the 


object GH, only worſe defined; becauſe GH, 


being farther off, appears duller and fainter than 
Fł did. But when a Fog, as KL, comes between the 


eye and the object FE, the object appears dull and ill 


defined like GHZ; which cauſes our imagination 


to refer FE to the greater diſtance CH, inſtead of 
the ſmall diſtance CE which it really is at. And 
conſequently, as miſ-judging the diſtance does not 
in the leaſt diminiſh the Angle under which the 
object appears, the fmall hay-rick FE ſeems to be 
as big as GH. : 


The fields which are beyond the gate riſe gradually till 
they are juſt ſeen over it; and the arms, being red, are often 
miftaken for a houſe at a conſiderable diſtance in thoſe fields. 

T once met with a curious deception in a gentleman's garden. 
at Hackney, occaſioned by a large pane of glaſs in the garden- 
wall at ſome diſtance from his houſe. The glaſs (througk 
which the ſky was ſeen from low ground) reflected a very 
faint image of the houſe ; but the image ſeemed to be in the 


Clouds near the Horizon, and at that diſtance looked as if it 


were a huge caſtle in the Air. Vet, the Angle under which 
the image appeared, was equal to that under which the houſe 


was feen : but the image being mentally referred to a much 


greater diſtance than the houſe, ar peared much bigger to the 


imagination, | 
| 187, The 


Horizontal Moon explained, 99 


. 187. The Sun and Moon appear bigger in the LANE u. 
Horizon than at any conſiderable height above it. Fis- IX. 
Theſe Luminaries, although at great diſtances 
from the Earth, appear floating, as it were, on the 
ſurface of our Atmoſphere ZGFfeC, a little way 
beyond the Clouds; of which, thoſe about F, why the 
directly over our heads at E, are nearer us than e 
thoſe about N or e in the Horizon HEe. There - pear bieget 
fore, when the Sun or Moon appear in the Hori- {2 * #e- 
zon at e, they are not only ſeen in a part of the 
Sky which 1s really farther from us than if they 
were at any conſiderable Altitude, as about ; but 
they are alſo ſeen through, a greater quantity of 
Air and Vapours at e than at F. Here we have 
two concurring appearances which deceive our 
imagination, and cauſe us to refer the Sun and 
Moon to a greater diſtance at their riſing or ſet- 
ting about e, than when they are conſiderably 
high, as at F: firſt, their ſeeming to be on a part 
of the Atmoſphere at e, which is really farther 
than F from a ſpectator at E; and ſecondly, their 
being ſeen through a groſſer medium when at e 
than when at f; which, by rendering them dim- 
mer, cauſes us to imagine them to be at a yet 
greater diſtance. And as, in both caſes, they are 
ſeen“ much under the ſame Angle, we naturally 
judge them to be biggeſt when they ſeem fartheſt 
from us; like the above-mentioned houſe, & 186, 
ſeen from a higher ground, which ſhewed it to 
be farther off than it appeared from low ground ; 
| Or the hay-rick, which appeared at a greater diſ- 
tance by means of an interpoſing Fog. 
188, Any one may fatisfy himſelf that the Moon Their ap- 
appears under no greater Angle in the Horizon bur i 


meters are 


than on the Meridian, by taking a large ſheet of nor lf on 
tne Meri 


of ſuch a width, that obſerving the moon through the Heri- 
| | | zon. 

The Sun and Moon ſubtend a greater Angle on the Meri- 

an than in the Horizon, being nearer the Obſerver's Place in 

e former caſe than in the latter. | | / | 
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paper, and rolling it up in the form of a Tube, dien than ia 
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Tube; then tie a thread round it to keep it of 


her leaft diſtance from the Earth, ſhe is ſeen under 


Earth ſeem to meet at the end of a long and level plain; and 


e Method of finding the Diſtances J 
it when ſhe riſes, ſhe may; as it were, juſt fill the ! 


that ſize; and when the Moon comes to the Meri. 
dian, and appears much leſs to the eye, look at 
her again through the fame Tube, and ſhe will fil 
it juſt as much, if not more, than fhe did at her 
riſing. h Ns 1 | 
189. When the full Moon is in perige, or at 


a larger Angle, and muſt therefore appear bigger 
than when ſhe is full at other times: and if that 
part of the Atmoſphere where ſhe riſes be more? 
teplete with Vapours than uſual, ſhe appears ſo 
much the dimmer; and therefore we fancy her to 
be ſtill the bigger, by referring her to an unuſually 
great diſtance ; knowing that no objects which 
are very far diſtant can appear big unleſs they be 
really ſo. PORE:  _ 


CHAE. 


The Method of finding the Diſtances of the Sin, 
Moon, and Planets. = 


190. HOSE who have not learnt how to | 
take the * Altitude of any Celeſtia 


Phenomenon by a common Quadrant, nor know 


* The Altitude of any celeftial Object is an arc of they 
Sky intercepted between the Horizon and the Object. ny 
Fig. VI. of Plate II. let HOX be a horizontal line, ſuppoſel 
to be extended from the eye at A to X, where the Sky and} 


let $ be the Sun. The arc XY will be the Sun's height abo 
the Horizon at &, and is found by the inſtrument BCD, whit 
is a quadrantal board, or plate of metal, divided into 90 equal 3 

arts or degrees on it's limb DC; and has a couple of little 
s plates, as à and 6, with a ſmall hole in each of then 
called Sight-Holes, for en through, parallel to the edge of } 


| the Quadrant whereon they ſtand, 1 0 the center E is fue 
one end of arhread F, called the Plumb Line, which has a ſmall 


weight or plummet P fixed to it's other end. Now, if an ob. 


ſerver holds the Quadrant upright, without inclining "I 
| . Leibe 
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any thing of Plain Trigonometry, may paſs over pra r 


the firſt Article of this ſhort Chapter, and take the 
Aſtronomer's word for it, that the diſtances of the 
Sun and Planets are as ſtated in the firft Chapter 
of this Book. But, to every one who knows how 
to take the Altitude of the Sun, the Moon, or a 
Star, and can ſolve a plain right-angled Triangle, 
the following method of finding the diſtances of 
the Sun and Moon will be eaſily underſtood, | 


IV, 


Let BAG be one half of the Earth, JC it's Fig. I. 


ſemi· diameter, & the Sun, n the Moon, and EKXOL 
a quarter of the Circle deſcribed by the Moon in 
revolving from the Meridian to the Meridian 
again. Let CRS be the rational Horizon of an 
obſerver at 4, extended to the Sun 1n the Hea- 
yens; and Z AO his ſenſible Horizon, extended to 
the Moon's Orbit. ALC is the angle under which 
the Earth's ſemi-diameter AC is ſeen from the 
Moon at L, which is equal to the Angle QA4L, 
becauſe the right lines 40 and CL which include 
both theſe Angles are parallel. ASC is the Angle 


either fide, and ſo that the Horizon at & is feen through the 
ſight-holes a and &, the plumb- line will cut or hang over the 
beginning of the degrees at o, in the edge EC; but if he ele- 
Vvates the Quadrant ſo as to look through the ſight- holes at any 
part of the Heavens, ſuppoſe to the Sun at S; juſt ſo many de- 
grees as he elevates the ſight-hole 5 above the horizontal line 
HO A, ſo many degrees will the plumb-line cut in the limb 
CP of the Quadrant. For, let the obſerver's eye at A be in 
the center of the celeſtial Arc X (and he may be ſaid to be 
In the center of the Sun's apparent diurnal Orbit, let him be 
on what part of the Earth he will) in which Arc the Sun 1s 
at that time, ſuppoſe 25 degrees high, and let the obſerver 
| hold the Quadrant ſo that he may ſee the Sun through the 
iipht-holes ; the plumb-line freely playing on the Quadrant 
will cut the 25th degree in the limb CP, equal to the number 
of degrees of the Sun's Altitude at the time of obſervation. 
N. B. Whoever looks at the Sun muſt have a ſmoked glafs 
before his eyes to ſave them from hurt, The better way is 
not to look at the Sun through the ſight- holes, but to hold the 
Quadrant facing the eye, at a little diſtance, and ſo that the 


dun ſhining through one hole, the ray may be ſeen to fall on 


the other, 


H 3 under 
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undder which the Earth's ſemidiameter A is ſeen 
from the Sun at S, and is equal to the Angle C4 
- becauſe the-tines AO and CRS are — Now, 
it is found by obſervation, that the Angle CALL is 
much greater than the Angle Off; but OAT. is 
- , Equal to ALC, and OA is equal to ASC. Now, 
as ASC is much leſs than ALC, it proves that the 
Earth's ſemi-diameter AC appears much greater as 
ſeen from the Moon at L, than from the Sun at 
S; and therefore the Earth is much farther from 
the Sun than from the Moon *. The Quantities 
of theſe Angles may be determined by obſervation 
in the following manner. 
Let a graduated inſtrument, as DAE (the larger 
the better) having a moveable Index with Sight- 
holes, be fixed in ſuch a manner, that it's plane 
ſurface may be parallel to the plane of the Equa. 
tor, and it's edge AD in the Meridian: ſo that 
when the Moon is in the Equinoctial, and on the 
Meridian ADE, ſhe may be ſeen through the G6ght- 
holes when the edge of the moveable index cuts 
the beginning of the diviſions at o, on the gradu- 
ated limb DE; and when ſhe is fo ſeen, let the 
preciſe time be noted. Now, as the Moon revolves 
about the Earth from the Meridian to the Meridian 
again in about 24 hours 48 minutes, ſhe will goa 
fourth 2 round it in a fourth part of that time, 
V7Z. in 6 hours 12 minutes, as ſeen from C, that 
is, from the Earth's center or Pole. But as {cen 
from 4, the obſerver's place on the Earth's fur: 
TR © the Moon will ſeem to have gone a quarter 
round the Earth when ſhe comes to the ſenſibie 
Horizon at O; for the Index through the ſights 
of which lhe is then viewed will be at 4, go de- 
rees from D, where it was when ſhe was ſeen at 
E. Now, let the exact moment when the Moon 
is ſeen ng 0 lieh will be when ſhe is in or neit 


dee che Note on $ 105. 6 
˖ 


e the Sun, Moon, and Planets 10g 
the ſenfible Horizon) be carefully noted * that 


it may be known in what time ſhe has gone from 


E to O; which time ſubtracted from 6 hours 12 
minutes (the time of her going from E to L) leaves The Moon's 


horizontal 


the time of her going from O to L, and affords an pale 


| eaſy method for finding the Angle OAL (called what. 


tbe Moon's horizontal Parallax, which is equal to 
the Angle ALC) by the following Analogy : As 
the time of the Moon's. deſcribing the Arc EO is 
to 90 degrees, ſo is 6 hours 12 minutes to the 


„ 4 4 


fculty, if his horizontal Parallax, or the Angle OAS — . 


* Here proper allowance muſt be made for the Refraction, | 
which being about 34 minutes of a degree in the Horizon, will 
cauſe the Moon's center to appear 34 minutes above the Hori- 


aon when her center is really in it, 


H 4 the 


f 
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the Moon's horizontal Parallax, or Angle OA, 

"IF to the Angle AEC, is very diſcernible, being 

18“, or 3438” at it's mean ſtate; which! is 

| JAS than 340 times as great as the Sun's: and 
therefore, the diſtances of the heayenly bodies 
5 inverſely as the Tangents of their horizontal 
Parallaxes, the Sun's diſtance from the Earth is 

at leaſt 340 times as great as the Moon's; and is 
rather under-rated at 8 1 millions of miles, when 

the Moon's diſtance is certainly known to be 240 
thoufand. But becauſe, according to ſome Aſtro- 
nomers, the Sun's horizontal Parallax is 11 fe- 
conds, and according to others only 10, the former 
Parallax making the Sun's diſtance to be about 

75, O00, ooo of miles, and the latter 82,000, O00 

we may take it for granted, that the Sun's diſtance 

is not leſs, than as deduced from the former, nor 

more than as ſnewn by the latter: and every one 

who is accuſtomed to make ſuch obſervations, 
Ennos how hard it is, if not impoſſible, to avoid 

an ertor of a ſecond; eſpecially on account of the 
inconſtaney of horizontal Refractions. And here, 
the error of one ſecond, in fo ſmall an Angle, will 
make an error of 7 millions of miles in ſo great 
a diſtance as that of the Sun's. But Dr. HalLkr 
has ſhewn us how the Sun's diſtance from the 
Earth, and conſequently the diſtances of all the 
Planets from the Sun, may be known to within 
a gooth part of the whole, by a Tranſit of Venus 
over the Sun's Diſc, which will happen on the 6th 


How. near 


the troth it of June, in the year 17613 till which time we 
pron dan muſt content 'ourlſelves with allowing the Sun's 


ned, 
8 diſtance to be about 81 millions of miles, as com- 
I monly ſtated by Aſtronomers. Fe 
Tbe sen 192. The Sun and Moon appear ack about 
prone FIRE ſame bulk: And every one who underſtands 
| than the ee knows how their true bulks may be 


Moon. deduced from the apparent, when their real dil- 


tances are known. Spheres are to one another as 


the Cubes of their Dim whence, if the —_ 
c 
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be $1 millions of miles from the Earth, to appear 

as big as the Moon, whoſe diſtance does not ex- 
ceed 240 thouſand miles, he muſt, in ſolid bulk, 
pe 42 millions 875 thouſand times as big as the 
Moon. | | 
193. The horizontal Parallaxes are beſt obſerved 
at the Equator; 1. Becauſe the heat is ſo nearly 
equal every day, that the Refractions are almoſt 
conſtantly the ſame. 2. Becauſe the parallactic 
Angle is greater there, as at A (the diſtance from 
thence to the Earth's Axis being greater) than up⸗ 
on any parallel of Latitude, as a or 6, | 


f 194. The Earth's diſtance from the Sun being Therelative 


determined, the diſtances of all the other Planets —— 


from him are eaſily found by the following ana- from the 
logy, their periods round him being aſcertained by kaun 


: a = known to 
obſervation. As the ſquare of the Earth's period great preci- 
round the Sun is to the cube of it's diſtance from che 1 


WHO l IS 


% & 


| . : 
| the Sun, ſo is the ſquare of the period of any other 9iſtances are 
i Planet to the cube of it's diſtance, in ſuch parts or 3 
8 meaſures as the Earth's diſtance was taken; ſee 
| $ 111, This proportion gives us the relative mean 
t diſtances of the Planets from the Sun to the great- 
eſt degree of exactneſs; and they are as follows, 
8 having been deduced from their periodical times, 
e according to the law. juſt mentioned, which was 
n I <icovercd by Keyrer, and demonſtrated by Sir 
8 CC 
ce * All the following calculations on the next page, except * WW 
k thoſe in the laſt line before F 195, were printed in former edi- ri of 
tions of this work, before the year 1761. Since that time, the 
5 fad line of the diſtances of the Planets (as found by the Trane 
it A. D. 1761.) was added; and in eee ines 
e 15 | 1 
F 5 I 1 Periodical 


| 
| 
| 


1 zue Periods and Diſtances of the Planets: 
Periodical Revolution to the ſame fixed Star in day 5s and deci: 


mal parts of a day. 
Mercury Venus The Earth Mars jupiter Saturn 


* * 


87.9692 224.6175 305.2564 686.9785 4332-514 10759.27 
H—__ © Relative mics diſtances from the * $ BE a ba 
38710 72333 lo 152369 520096 95405 

From theſe number wwe deduce, that if the Sun's horizontal Parallax be 10, 
the real mean diftances of the Planets from the Sun in Engliſh miles are 

31,742,220 $9,313,060 $2,000,000 124,942,680 426,478,729 782,284,920 

But if the Sun's Parallax be 11”, their ditances are no more than 

29,032, 50% $4,238,570 75,000,007 114,276,750: $90,034,599 715,504, 500 
Errors in diſtance arifing from the miſlake of i in ibe Sun's Parallax. 

2,709,700 5,074,490 _ 7,006,000 10, 66 5, 8 30 36, 444,220 66, 780 420 

But, from the late Tranſit of Venus, A. D. 1761, the Sun's Parallax ap- 

fears to be only 8 1 ; and according to that, their real diſtances in 
miles are | | | „ 
36,347,408 68,891,486 955 173,127 145,014,148 494,990,976 907,956,130 


195. Theſe numbers ſhew, that although we 
have the relative diſtances of the Planets from the 
Sun to the greateſt nicety, yet the beſt obſervers 
could not aſcertain their true diſtances, until the 
late long-withed for Tranſit appeared, which me 
- muſt confeſs was embarraſſed with ſeveral difficul 
ties. But there will be another Tranſit of Venn 
over the Sun on the third of June, 1769, much 
better ſuĩited to this great Problem. We wiſh tte 
Sky may be clear at all Places of obſervation, ſince 
there will not be ſuch an opportunity again in lei 


than 105 years afterward. '- © Wh 

196. The Earth's Axis produced to the Stat 
being carried “ parallel to itſelf during the Earth! 
annual revolution, deſcribes a circle in the Spher 
of the fixed Stars equal to the Orbit of the Earth, 


Why the ©e- But this Orbit, though very large, would ſeem m 


; Jeftial Poles 


ſeem to keep bigger than a point if it were viewed from tif 
bene points Stars; and conſequently, the circle deſcribed i 


ſame points 

of the Hea- 51s 5 

vens, not- 4 "BN + | . : | raw! 
Sand. By this is meant, that if a line be ſuppoſed to be d 
ing the 


Earth's mo- keeps parallel to that line in every other part of its Orbit: i 
tion round in Fig. I. of Plate V; where abcdefzgh repreſents the Earth 
the Sun. Orbit in an oblique view, and M the Earth's Axis keeping 1 
ways parallel to the line MV. | - 

| i the 


parallel to the Earth's Axis in any part of it's Orbit, the A 


3 


. 


io 10, gives 592 million 180 thouſand miles for 
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| the Sphere of the Stars by the Axis of the Earth 
produced, if viewed from the Earth, muſt appear 
but as a point; that is, it's diameter appears too 
little to be meaſured by obſervation: for Dr. 
BRADLEY has aſſured us, that if it had amounted 
to a ſingle ſecond, or two at moſt, he ſnould have 
perceived it in the great number of obſervations he 
| has made, eſpecially upon y Dragonis; and that it 
ſeemed to him very probable that the annual Pa- 
rallax of this Star is not ſo great as a ſingle ſecond; 
and conſequently, that it is above 400 thouſand 
times farther from us than the Sun. Hence the 
celeſtial poles ſeem to continue in the ſame points 
of the Heaven throughout the year; which by 
no means diſproves the Earth's annual motion, but 
plainly proves the diſtance of the Stars to be ex- 
ceeding greet. Tags 

197. The ſmall apparent motion of the Stars; 
$113, diſcovered; by that great Aſtronomer, he 
found to be no ways owing to their annual Parallax 
(for it came out contrary thereto) but to the Aber- 
ration of their light, which can reſult from no 
known cauſe | beſides that of the Earth's annual 
motion; and as it agrees ſo exactly therewith, it 
proves beyond diſpute that the Earth has ſuch a : 
motion: for this Aberration completes all it's va- 
rous Phenomena every year; and proves that the The am 
relocity of ſtar-light is ſuch as carries it through a (men'F 
ſpace equal to the Sun's diſtance from us in 8 mi- 
nutes 13 ſeconds of time. Hence, the velocity of 
Light is“ 10 thouſand 210 times as great as the | 
Earth's velocity in it's Orbit; which velocity (from 5 
what we know already of the Earth's diſtance from | 
the Sun) may be aſſerted to be at leaſt between 57 
and 58 thouſand miles every hour : and ſuppoſing 
it to be 58000, this number multiplied by the 
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the hourly motion of Light: which laſt number 
Wivided by 3600, the number of ſeconds in an 
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PLaTE hour, ſhews that Light flies at the rate of more | 


V. than 164 thouſand miles every ſecond of time, or 


Circles of \ 3 1 - the re | 2 2 FREY 3 
che Sphere. 19: [* e reader be hitherto unacquainted with 
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ſwing of a common clock pendulum. 


The Circles of the Globe deſcribed. The different 
lengths of days and nights, and the viciſſiludes of 


ſeaſons, explained. The explanation of the Phenc- 
mena of Saturn's Ring concluded, (See 5 81 and 82.) 


the principal circles of the Globe, he fhould 
now learn to know them; which he may do ſuffi 
ciently for his preſent purpoſe in a quarter of an 
hour, if he ſets the ball of a terreftrial Globe be- 


I o . Yr F. i . ? 7. 0 
5s. fore him, or looks at the Figure of it, wherein 


theſe circles are drawn and named, The Equator is 
that great circle which divides the northern half of 


the Earth from the ſouthern. The Tropics are leſſer 


Equator, as far from the North Pole as the Tropics are from | 
Tropics, '» the Equator: and the Antartzic Circle (hid by the | 


Circles parallel to the Equator, and each of them is 
234 degrees from it; a degree in this ſenſe being 


the 3Eoth. part of any great circle which divides | 
the Earth into two equal parts. The ' Tropic of | 
Cancer lies on the north fide of the Equator, and 


the Tropic of Capricorn on the ſouth, The Ari 
Circle has the North Pole for it's center, and is juſt 


Polar Cir. - 


Poles, 


Axis, 


cles, and ſuppoſed convexity of the Figure) is juſt as far from 
the South Pole, every way round it. Theſe Poles | 
Fig. 1. are the very north and ſouth points of the Globe: 
and all other places are denominated northward ot 

ſouthward, according to the fide of the Equator | 

they lie on, and the Pole t6 which they are neareſt. | 
Ezrth's The Earth's Axis is a ſtraight line paſſing through | 


the center of the Earth, perpendicular to the 
Equator, and terminating in the Poles at it's ſur- 
face. This, in the real Earth and Planets, is only 
an imaginary line ; bur in artificial Globes or Pla- 


nets it is a wire by which they are ſupported, and 


turned 


by wheel-work. The circles 12. 1. 2. 3. 4, Sc. 


are Meridians to all places they paſs through; and Meridians, 


we muſt ſuppoſe thouſands more to be drawn, be- 
cauſe every place that is ever ſo little to the eaſt or 
weſt of any other place, has a different meridian 
from that other place. All the Meridians meet in 
the Poles; and whenever the Sun's center is paſſing 
over any Meridian, in his apparent motion round 
the Earth, it is mid-day or noon to all places on 
that Meridian. 
199. The broad Space lying between the Tro- 


| pics, like a girdle ſurrounding the Globe, is called 


the torrid Zone, of which the Equator is in the mid- Zones, 
dle, all around, The Space between the Tropic of 
Cancer and Arctic Circle is called the North tem- 


| yerate Zone. That between the Tropic of Capri- 


corn and the Antarctic Circle, the South temperate 
Zone. And the two circular Spaces bounded by the 
Polar Circles are the two Frigid Zones; denomi- 
nated north or ſouth, from that Pole which is in the 
center of the one or the other of them. 


200. Having acquired this eaſy branch of know- 
ledge, the leatner may proceed to make the fol- 
lowing experiment with his terreſtrial ball; which 
will give him a plain idea of the diurnal and an- 
nual motions of the Earth, together with the dif- 
ferent lengths of days and nights, and all the beau- 


nful varicty of ſeaſons, depending on thoſe. mo- 


tions. | | 


Take about ſeven feet of ſtrong wire, and bend pg nr, 
it into a circular form, as abcd, which being viewed A pleaſing 
| experiment, 


obliquely, appears elliptical - as, in the Figure. gewiog the 


Place a lighted candle on'a table; and having fixed Se 


meter, cauſe another perfon t 

arcle, ſo that it may be parallel to the table, and 
as high as the flame of the candle 7, which ſhould 
OT IN" a 


Of the different Kea ont. * *" aw 


turned round in Orreries, or ſuch like machines, pLArE 
Iv. 
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be in or near the center. Then, having twiſted 


the thread as towards the left hand, that by un- 
twiſting it may turn the Globe round eaſt ward, or 
contrary to the way that the hands of a watch 
move; hang the Globe by the thread within this 
circle, almoſt contiguous to it; and as the thread 
untwiſts, the Globe (which is enlightened half 
round by the candle as the Earth is by the Sun) 
will turn round it's Axis, and the different places 
upon it will be carried through the light and dark 


Hemiſpheres, and have the appearance of a regulat 


ſucceſſion of days and nights, as our Earth has in 
reality by ſuch a motion. As the Globe turns, 
move your hand ſlowly, ſo as to carry the Globe 
round the candle according to the order of the 


letters abed, keeping it's center even with the wire 


circle; and you will perceive, that the candle 
being ſtill perpendicular to the Equator, will en- 
lighten the Globe from pole to pole in it's whole 
motion round the circle; and that every place on 
the Globe goes equally through the light and the 
dark, as it turns round by the untwiſting of the 
thread, and therefore has a perpetual Equinox, 
The Globe thus turning round repreſents the 
Earth turning round it's Axis; and the motion of 
the Globe round the candle repreſents the Earth's 
annual motion round the Sun, and ſhews, that if 
the Earth's Orbit had no inclination to it's Axis, all 
the days and nights of the year would be equally 
long, and there would be no different ſeaſons, 
But now, deſire the perſon who holds the wire to 


hold it obliquely in the poſition 4BCD, raiſing 


the fide juſt as much as he depreſſes the {ide 


, that the flame may be ſtill in the plane of the 


circle; and twiſting the thread as before, that the 


Globe may turn round it's Axis the ſame way 4 
you carry it round the candle; that is, from welt 


to eaſt, let the Globe down into the lowermoſt 
part of the wire circle at , and if the circle be 


Properly inclined, the candle will ſhine perpend:- 


8 cular! 
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cularly on the Tropic of Cancer, and the frigrd Summer 
Zone, lying within the arctic or north polar Circle, SR 
will be all in the light, as in the Figure; and will 
keep in the light let the Globe turn round it's Axis, 
ever ſo often. From the Equator to the north 
polar Circle all the places have longer days and 
ſhorter nights ; but from the Equator to the fouth 
| polar Circle juſt the reverſe. 'The Sun. does not 
ſet to any part of the north frigid Zone, as ſhewn 
by the candle's ſhining on it, ſo that the motion of 
the Globe can carry no place of that Zone into the 
dark: and at the ſame time the /outh frigid Zone is 
involved in darkneſs, and the turning of the Globe 
brings none of it's places into the light. If the 
Earth were to continue in the like part of it's 
Orbit, the Sun would never ſet to the inhabitants 
of the north frigid Zone, nor riſe to thoſe of the 
ſouth, At the Equator it would be always equal 
day and night; and as places are gradually more 
and more diſtant from the Equator, towards the 
arctic Circle, they would have longer days and 
ſhorter nights; whilſt thoſe on the ſouth ſide of 
the Equator would have their nights longer than. 
their days. In this caſe there would be continual 
ſummer on the north ſide of the Equator, and con- 
tinual winter on the ſouth ſide of it. 

But as the Globe turns round it's Axis, move 
your hand ſlowly forward, fo as to carry the Globe 
from N towards E, and the boundary of light and 
;, Wh carkneſs will approach towards the north Pole, 

0 and recede towards the ſouth Pole; the northern 

o {WP aces will go through leſs and leſs of the light, 

e and the ſouthern places through more and more 

e of it; ſhewing how the northern days decreaſe in 

e length, and the ſouthern days increaſe, whilſt the 
Cbobe proceeds from H to E. When the Globe autumnal 
t sat E, it is at a mean ſtate between the loweſt Eauin-n 
jt and higheſt parts of it's Orbit; the candle is di- 

ve Necthy over the Equator, the boundary of light 

ii- ad darkneſs juſt reaches to both the Poles, and 

lf on | all 
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all places on the Globe go equally through the 
light and dark Hemiſpheres, ſhewing that the 
days and nights are then equal at all places of the 
Earth, the Poles only excepted; for the Sun is 
then ſetting to the north Pole, and riſing to the 

ſouth Pole. e 1 55 I 
Continue moving the Globe forward, and as it 
oes through the quarter A, the north Pole recedes 


ill farther into the dark Hemiſphere, and the | 

ſouth Pole advances more into the light, as the : 

Globe comes nearer to Ss: and when it comes [| 

| there at F, the candle is directly over the Tropic 
Winter Sol-.of Capricorn, the days are at the ſhorteſt, and g 
bes. Nights at the longeſt, in the northern Hemiſphere, e 

all the way from the Equator to the arctic Circle; . 

and the reverſe in the ſouthern Hemiſphere from Mt ® 

the Equatcr to the antarctic Circle; within which P 

Circles it is dark to the north frigid Zone, and © 

light to the ſouth. _ So es A 


Continue both motions, and as the Globe moves 
through the quarter B, the north Pole advances 
rowards the light, and the ſouth Pole recedes to- 
wards the dark; the days lengthen in the northern 
Hemiſphere, and. ſhorten in the ſouthern; and 
when the Globe comes to G, the candle will be 
again over the Equator (as when the Globe was 
at E) and the days and nights will again be equal 

Vernal as formerly: and the north Pole will be juſt 
Equinez- coming into the light, the ſouth Pole going out of 
it. | 


Thus we ſee the reaſon why the days lengthen 
and ſhorten from the Equator to the polar Circles 
every year; why there is ſometimes no day or nigit 
for many turnings of the Earth, within the polar 
Circles; why there is but one day and one night 
in the whole year at the Poles; and why the days 
and nights are equally long all the year round 2 
the Equator, which is always equally cut by tbe 
circle bounding light and darkneſs, 3230 


201. The 


„ T7; 
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201. The inclination of an Axis or Orbit is ln. 


merely relative, becauſe we compare it with ſome 
other Axis or Orbit which we conſider as not in- 
clined at all. Thus, our Horizon being level to 
us, whate ver place of the Earth we are upon, we 
conſider it as having no inclination; and yet, if 


we travel go degrees from that place, we ſhall rhen Pig. nr, 


have an Horizon perpendicular to the formet᷑; but 
it will ſtill be level to us. And, if this Book be 
held ſo that the * Circle ABCD be parallel to the 
Horizon, both the Circle abed, and the Thread 
or axis K, will be inclined to it. But if the Book 
or Plate be held ſo that the Thread be perpendicu- 
lar to the Horizon, then the Orbit ABCD will be 
inclined: to the Thread, and the Orbit abc per- 
pendicular to it, and parallel to the Horizon. We 
generally conſider the Earth's annual Orbit as hav- 
ing no inclination, and the Orbits of all the other 


* 


| Planets as inclined to it, & 20. 


202. Let us now take a view of the Earth in 
it's annual courſe round the Sun, conſidering it's 
Orbit as having no inclination; and it's Axis as 
inclining 23 degrees from a line perpendicular to 
the plane of it's Orbit, and keeping the ſame ob- 
lique direction in all parts of it's annual coùrſe; 
or, as commonly termed, keeping always parallel 


to itſelf, & 196. 


Let 4, l, c, die, fag, h be the Earth in eight different PLATE v. 
Fig. L 


parts of it's Orbit, equidiſtant from one another; 
Ns it's Axis, IN it's north Pole, „ it's ſouth Pole, 
and § the Sun nearly in the center of the Earth's 
Orbit, $418. As the Earth goes round the Sun 


* All Circles appear elliptical in an oblique view, as is evi- 
dent by looking obliquely at the rim of a baſon. For the true 
igure of a Circle can only be ſeen when the eye is directly over 
it's center, The more obliquely it is viewed, the more ellip- 
tical it appears, until the eye be in the ſame plane with it, 
ad then it appears like a ſtraight line. 4 7 
wy Ko according 


) 


4 2 the different Scan- 


PLATE v. according to the order of the letters abed, cc 4's 
Axis M. keeps, the ſame. obliquity, aid is till 


a parallel to the line MM.. When the Earth is at 


— the g, its north Pole inclines towards the Sun 5, and 
brings all the northern places more into the light 
than at any other time of the year. But when the 
Earth is at e in the oppoſite time of the year, the 
north Pole declines from the Sun, which occaſions 


the northern places to be more in the dark than in 


the light; and the reverſe at the ſouthern places, 
as is evident by the Figure, which I have taken 
from Dr. Lone's Aſtronomy. When the Earth 
is either at c or g, it's Axis inclines not either to 
or from the Sun, but lies ſidewiſe to him; and 
then the Poles are in the boundary of light and 
darkneſs; and the Sun, being directly over the 
Equator, makes equal day and night at all places 
When the Earth is at 4, it ts half-way between 
the Summer Solſtice, and Harveſt Equinox ; when 
it is at 4, it is half-way from the Harveſt Equinox. 
to the Winter Soiſtice; at f, half-way from the 
Winter Solſtice to the Spring Equinox; and at, 
— Way from the Spring aer to the Sum- 
mer Solſtice. 


Fig. II. 203. F — oblique view of 8 Earth's 


Orbit, let us ſuppoſe ourſelves to be raiſed far abo 

it, and placed Juſt over it's center &, looking down 

| upon it from it's north Pole; and as the Fand 
Orbit differs but very little from a Circle; we ſhall 
baue it's figure in ſuch a view repreſented by the 
Circle ABCDEFGH. Let us fuppoſe this Circk 

to be divided into 12 equal parts, called Sign, 
Rs, their names affixed. to them; and each 

Sign into 30 equal parts, called Degrees, numbered 
2 buen. 10, 20, 30, as in the outermoſt Circle of the 
another Figure, xhich repreſents the great Ecliptic in the 


ee Heavens. The Earth is ſnewn in eight different 


ie's Ortic, poſitions in this Circle, and in each poſition Ads 


the 1 T the Tropic of Cancer, the datted 
: s Ex Cirik 


ed Sas PL a. 1 CE 2X FE 


Peint than that in the preceding note marked for the Sun. 


of the different Seaſons. 


_ Circle the parallel of London, U the arctic or north 


polar Circle, and P the north Pole, where all the 
Meridians or Hour-Circles meet, 5 198. As the 


Earth goes round the Sun, the north Pole keeps 


115 


conſtantly towards one part of the Heavens, as it 


keeps in the Figure towards the right-hand ſide of 
the Plate. | | 15 

When the Earth is at the beginning of Libra, 
namely on the 20th of March, in this Figure (as 
at g in Fig. I.) the Sun & as ſeen from the Earth 
appears at the beginning of Aries in the oppoſite 


part of the Heavens *, the north Pole is juſt 


coming into the light, and the Sun is vertical to 
the Equator; which, together with the Tropic of 
Cancer, parallel of London, and arctic Circle, are 
all equally cut by the Circle bounding light and 
darkneſs, coinciding with the fix o' clock hour 
Circle, and therefore the days and nights are 
equally long at all places: for every part of the 
Meridian A#T La comes into the light at ſix in the 
morning, and revolving with the Earth according 
to the order of the hour- letters, goes into the dark 
at ſix in the evening. There are 24 Meridians or 
Hour-Circles drawn on the Earth in this Figure, to 
ſhew the time of Sun-riſing and ſetting at different 
Seaſons of the year. | . 

As the Earth moves in the Ecliptic according 


to the order of the letters ABCD, & c. through 


the Signs Libra, Scorpio, and Sagittarius, the 
north Pole P comes more and more into the light; 
the days increaſe as the nights decreaſe in length, 
at all places north of the Equator ; which is 
plain by viewing the Earth at & on the 5th of May, 
when it is in the 15th degree of Scorpio 1, and 


Here we muſt ſuppoſe the Sun to be no bigger than an or- 
dinary point (as.) becauſe he only covers a Circle half a de- 


 gree in diameter in the Heavens; whereas in the Figure he 


tides a whole ſign at once from the Earth. 
+ Here we muſt ſuppoſe the Earth to be a much ſmaller 


I 2 the 


Vernal 


Equinox, | 
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15th degree of Taurus. For then, the Tropic of 
Cancer Ti is in the light from a little after five in 


the morning till almoſt ſeven in the evening zuthe 
parallel of London from half an hour paſt favs till 


half an hour paſt ſeven; the polar Circle U from 


Sommer 
Solſtice. 


Autumnal 
Equinox. 


three till nine; and a large track round the nortk 1 
Pole P has day all the 24 hours, for ANY rota-' 
tions of the Earth on it's Axis. 1 

When the Earth comes to c, at the beginning 
of Capricorn, and the Sun as ſeen from the Earth-® 
appears at the beginning of Cancer, on the 21ſt 
of Fane, as in this Figure, it is in the poſition a 
in Fig. I.; and it's north Pole inclines towards the 
Sun, 10 as to bring all the north frigid Zone int 
the light, and the northern parallels of Latitude 
more into the light than the dark from the Equa- 
tor to the polar Circle; and the more ſo as they? 
are farther from the Equator. The Tropic of 


Cancer is in the light from five in the morning ö 
till ſeven at night, the parallel of London from 


quarter before four till a quarter after eight; and 
the polar Circle juſt touches the dark, ſo that the 3 
Sun has only the lower half of his Diſc hid from 


the inhabitants on that Circle for 2 few minutes 


about midnight, ſuppoſing no IC e N in 1. 
Horizon, and no Refractions. 4 
A bare view of the Figure is enough to ſhes, | 
that as the Earth advances ; from Capricorn towards | 
Aries, and the Sun appears to move from Cancet 
towards Libra, the north Pole recedes towards the 
dark, which cauſes the days to decreaſe, and the 
nights t to increaſe in length, till the Earth com 
to the beginning of Aries, and then they are equi 
as before; for the boundary of light and darkneß 
cuts the Equator and all it's parallels equally, of | 
in halves. The north Pole then goes into the 
dark, and continues therein until the Earth goes 
half-way round it's Orbit; or, from the 234 d 
Sepiember till the 20th of Merch, In the middle 
es n l |  berycen 4 
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the north Pole is as far as it can be imahe dark, 


much in the dark as they were in the light on the 
21ſt of June; the winter nights being as long as 
the ſummer days, and the winter days as ſhort as 
the ſummer nights. It is needieſs to enlarge far- 
ther on this ſubject, as we ſhall have occaſion to 
mention the ſeaſons again in deſcribing the Orremy, 


contrary muſt be underſtood of the ſouthern; for 
on different ſides of the Equator the ſeaſons are 
contrary, becauſe, when the northern Hemiſphere 


from him. 


204. As Saturn goes round the Sun, his ob- 
liquely poſited ring, like our Earth's Axis, keeps 
parallel to itſelf, and is therefore turned edgewiſe 
to the Sun twice in a Saturnian year, which is al- 
moſt as long as 30 of our years, & 81. But the 


ſeen by us when it is turned edgewiſe to the 
Sun, at which time it is alſo edgewiſe to the 
Earth; and therefore it diſappears once in every 
biteen years to us. As the Sun ſhines half a year 
together on the north Pole of our Earth, then diſ- 
appears to it, and ſhines as long on the ſouth 
Pole; ſo, during one half of Saturn's year, the 
Sun ſhines on the north ſide of his ring, then diſ- 
appears to it, and ſhines as long on it's fouth 
ſide. When the Earth's Axis inclines neither to 
nor from the Sun, but fidewiſe to him, he in- 
ſtantly ceaſes to ſhine on one Pole, and begins to 
enlighten the other; and when Saturn's Ring in- 


13 to 


between theſe times, viz. an the 22d of December, 


inclines towards the Sun, the ſouthern declines 


4 . 
» * * 


which is 234 degrees, equal to the inclination of Wiater sel- 
the Earth's Axis from a perpendicular to it's 
Orbit: and then, the northern parallels are as 


ſtice. 


8439. Only this muſt be noted, that all that 
has been ſaid of the northern Hemiſphere, the 


* 


The Pheno- 
mena of Sa- 
turn's Ring. 


ring, though conſiderably broad, is too thin to be 


clines neither to nör from the Sun, but ſidewiſe 


„ 
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PLATE v. to him, he ceaſes to ſhine on the one fide of it, 


and begins to ſhine upon the other. 

Fig. III. Let $be'the Sun, ABCDEFGH Saturn's Orbit, 

and IKLMNO the Earth's Orbit. Both Saturn 
and the Earth move according to the order of the 


letters, and when Saturn is at A his ring is turned 


edgewiſe to the Sun S, and he is then ſeen from 
the Earth as if he had Joſt his ring, let the Earth 
be in any part of it's Orbit whatever, except be- 
tween N and O; for whilſt it deſcribes that ſpace, 
Saturn is apparently ſo near the Sun as to be hid 
in his beams. As Saturn goes from A to C, his 
ring appears more and more open to the Earth: 


at C the ring appears moſt open of all; and ſeems 


to grow narrower and narrower as Saturn goes 
from C to E; and wen he comes to E, the ring 
is again turned edgewiſe both to the Sun and 
Earth: and as neither of it's ſides are illuminated, 
it is inviſible to us, becauſe it's edge is too thin 
to be perceptible : and Saturn appears again as if 
he had loſt his ring. But as he goes from Eto 
G, his ring opens more and more to our view on 
the under fide; and ſeems juſt as open at G as it 
was at C; and may be een in the night-time from 
the Earth in any part of it's Orbit, except about 
M, when the Sun hides the Planet from our view, 
As Saturn goes from & to A, his ring turns more 
and more edgewiſe to us, and therefore it ſeems 
to grow narrower and narrower; and at A it di 
appears as before. Hence, while Saturn goes from 
A to E; the Sun ſhines on the upper ſide of his 
ring; and the under ſide is dark; and whilſt he 
goes from E tou the Sun ſhines on the undet 
ſide of his ring, and the upper ſide is dark. 
It may perhaps be imagined that this Artick 
might have been placed mote properly after 9 80, 
than here but chen the candid reader confide!s 
that all the various Phenomena of Saturn's Ring 
depend upon a cauſe ſimilar to that of our Earth 
I. and ſeaſons, he will readily allow that they are _ * 
: | RY | plal 


y the tifterent. Seaſons. © * © 


205. The Earth's Orbit being elliptical, 


—— — 2 


plained together; and that the two Figures ſerve pate 
bo illuſtrate each other.? 2 ß 27 


„ 


VI. 


and The Earth 


ah 2 I FLEE aw h 
the Sun conſtantly. keeping in it's lower Focus, nearer the 


Sun ia win=- 


which is 1,377,000 miles from the middle point ter than in 


of the longer Axis, the Earth comes twice ſo 
much, or 2,764, ooo miles nearer the Sun at one 


time of the year than at another: for the Sun ap- 


pearing under a larger Angle in our winter than 
ſummer, proves that the Earth is nearer the Sun 
in winter (ſee tbe Note on Art. 185.). But here 
this natural queſtion will ariſe, Why have we not 
the hotteſt weather when the Earth is neareſt the 
Sun? In anſwer it muſt be obſerved, that the ex- 


ſummer. 


n 


centricity of the Earth's Orbit, or 1 million 377 Why the 


weather is 


miles, bears no greater proportion to the Earth's coldeg when 


we he 
mean diſtance from the Sun than 17 does to 1000 — 


and therefore, this ſmall difference of diſtance can- Sun. 


not occaſion: any great difference of heat or cold. 
But the principal cauſe of this difference is, that 
in winter the Sun's. rays fall ſo obliquely upon us, 
that any given number of them is ſpread over a 
much greater portion of the Earth's ſurface where 


ve live; and therefore each point muſt then have 


fewer rays than in ſummer. Moreover, there 
comes a greater degree of cold in the long winter 
nights, than there can return of heat in ſo ſhort 
days; and on both theſe accounts the cold muſt 


Increaſe. But in ſummer the Sun's rays fall more 
perpendicularly upon us, and therefore come with 


greater force, and in greater numbers on the ſame 
place; and by their long continuance, a much 
greater degree of heat is imparted by day than can 
ly off by night. qu Sf bas omit ein to. 3: 
206, That a greater number of rays fall on the 
ſame place, when they come perpendicularly, than 


uhen they come obſiquely on it, will appear by rig, 11. 


the Figure. For, let 4B be a certain number of 
the Sun's rays: falling on CP. (which, let us ſup- 


Pole to be London) on the 21ſt of June: but, on 


1 the 
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4 the 22d, of bh i ine CD, — mae; has 
the oblique poſition Cd to the ſame rays; and 
. therefore ſcarce a third patt of them falls upon it, 
or only thoſe between A and e; all the reſt eg be- 


; . ing. expended. on the ſpace P, which! is more than 
--» double, the. length of CD or Cd. Beſides, thoſe 


parts which. are once heated, retain the heat for 
ſome time; which, -with:the additional heat daily 
imparted, makes it continue to increaſe; though 
the Sun, declines towards the ſouth: and this is the 
reaſon why Ju is hotter than June, although the 
Sun has withdrawn. from the ſummer Tropic; as 
we find it is generally hotter at three in the after- 
noon, when the Sun has güne towards the weſt, 
than at noon when he is on tire Meridian. Like. 


4. iſer thoſe places which are well cooled require 


time to be heated again; for the Sun's rays do not 


heat even the ſurface of any body till they have 


Firſt Meri - 207. 


been ſome time upon it. And therefore we find 
January for the moſt part colder than December, 
althongh the Sun has withdrawn from the winter 
Tropic. and begins to dart his beams more per- 
pendicularly upon us, whew we have the poſition 
CF. An iron bar is not heated immediately upon 
being put into the fire, nor ede "_ * n 
time after ons been wunde e e 
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6 WH FI} J* 4 24 ; B46 5s 1.4.55 £2421 
7 N Eographers arbitrarily chooſe: to <a 10 
38 Meridian of ſome remarkable place e 


. Fs xy There they begin their reckoning; 
99 d jult ſo many degrees and minutes as any other 
0 18 to the caſtward or weſtward of that Meri- 


„ 


TE great 
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great or ſm all; and à minute the Geth part of APLATEV, 
degree. The Engliſh Ae reckon the 
Longitude from the Meridian of the Royal Obſer- 


vatory at Greenwich, and the French from the Me- 
ridian of Paris. 

208. If we imagine twelve great Circles, one Fig, 11. 
of which is the Meridian of any given place, to 

inter ſect each other in the two Poles of the Earth, 

and to cut the Equator at every 15th degree, 

they will be divided by the Poles into 24 Semicir- 

cles Which divide the Equator | into 24 equal parts; 


and as the Earth turns on it's Axis, the planes of 


theſe Semiciteles come ſucceſſively. after one ano- 
ther every hour to the Sun. As in an hour of Hour Cir- 
time there 1 is a revolution of fifteen degrees of the“ 
Equator, in a minute of time there will be a revo- 
lution of 15 minutes of the Equator, and in a ſe- 
cond of time a revolution of 15 ſeconds. There an tour of 
are two tables annexed to this Chapter, for re- ume cqual 
ducing mean ſolar time into degrees and minutes greee of 
of the terreſtrial Equator z and alſo for converting modo: 
degrees and parts of the Equator. into mean ſolar 
time. | 

209. Becauſe the Sun enlightens only. one half 
of the Earth at once, as it turns round it's Axis, 
he riſes to ſome places at the ſame moments of ab- 
ſolute Time when he ſets to others z and When It is 
mid-day to ſame places, it is mid- night to others. 
The XII on the middle of the Earth's enlightened 
ſide, next the Su an- ſtengs for mid- day; and the 
oppoſite XII 68 the middie of the dark fide, for 
mid. pe If we ſup l this Circle 1 hours to 


SE 3 $$ 


91 true time 6 the 0 or ni ed at l places on 


that, Meridian. Therefore, 5 


210. To every place 15 degrees eaſtward from 

any given Meridian, it is noon an hour ſooner than 
on that Meridian; becaule their Meridian comes 
| . to 


122 Tue Method of finding the Longitude, 


to the Sun an hour ſooner: and to all places 1 
degrees weſtward, it is noon an hour later, & 20 

becauſe their Meridian comes an hour later to the 

Sun; and ſoon: every 15 degrees of motion cauſ- 

ing an hour's difference of time. Therefore they 
mn = who have noon an hour Jater than we, have their t 
15 degrees Meridian, that is, their Longitude, 15 degrees 

— 71 weſtward from us; and they who have noon an 

= hour ſooner than we, have their Meridian 15 de- 
grees eaſtward from ours: and ſo for every hours 
difference of time 15 degrees difference of Longi- 

i Lunar Eclip- tude. Conſequently, if the beginning or ending 


| the of a Lunar Eclipſe be obſerved, ſuppoſe at London 


Longitude, to be exactly at mid - night, and in ſome other place 
gat 11 at night, that place is 15 degrees weſtward 
from the Meridian of London : if the ſame Ecliple 
be obſerved at one in the morning at another place, 
that place is 15 degrees eaſtward from the ſaid 
Meridian. HE | _ 
211. But as it is not eaſy to determine the ex. 
act moment either of the beginning or ending of 
ö a Lunar Eclipſe, becauſe the Earth's ſhadow through 3 
which the Moon paſſes is faint and ill defined 
about the edges; we have recourſe to the Eclipſes 
| xelipfesof Of Jupiter's Satellites, which diſappear ſo inftan-* 
Jupiter's taneouſly as they enter into Jupiter's ſhadow, and 
| much better EMerge ſo ſuddenly out of it, that we may fix the 
1 for that pur- Phenomenon to a ſecond of time. The firſt or neat, 
| poſe. | , k A | 
eſt Satellite to Jupiter is the moſt advantageous for 
this purpoſe, becauſe it's motion is quicker than 
the motion of any of the reſt, and therefore it's im: 
merſions and emerſions are more frequent. 


212. The Engliſb Aſtronomers have calculated} 
Tables for ſhewing the times of the Eclipſes o, 
Jupiter's Satellites to great preciſion, for the Me, 
ridian of Greenwich. Now, let an obſerver, wid! 
has theſe Tables with a good Teleſcope and a well 
regulated Clock at any other place of the Earth 
obſerve the beginning or ending of an Eclipſe q | 
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The Methed of finding the Longitude, 123 


one of Jupiter's Satellites, and note the preciſe mo- PLATE v. 
ment of time that he ſaw the Satellite either im- he 2. 
merge into, or emerge out of the ſhadow, and important 
compare that time with the time ſhewn by the Fblem. 
Tables for Greenwich; then, 15 degrees difference 
of Longitude being allowed for every hour's dif- 

| ference of time, will give the Longitude of that 

lace from Greenwich, as above, F 210; and if 
there be any odd minutes of time, for every mi- 
nute a quarter of a degree, eaſt or weft, muſt be 
allowed, as the time of obſervation is later or ear- 
lier than the time thewn by the Tables. Such 
Eclipſes are very convenient for this purpoſe at 
land, becauſe they happen almoſt every day; but 
are of no uſe at ſea, becauſe the rolling of the ſhip 
hinders all nice teleſcopical obſervations, 

213. To explain this by a Figure, let 7 be ru u. 
Jupiter, K, L. M, N his four Satellites in their 
reſpective Orbits 1, 2, 3, 4; and let the Earth be 
at f (ſuppoſe in November, although that month 
is no otherways material than to find the Earth 


readily in this ſcheme, where it is ſhewn in eight 
different parts of it's Orbit.) Let © be a place Illutratea 


by an ex- 


on the Meridian of Greenwich, and R a place on re. 


ſome other Meridian eaſtward from Greenwich. 

Let a perſon at R obſerve the inſtantaneous vaniſh- 

ing of the firſt Satellite K into Jupiter's ſhadow, 

ſuppoſe at three o'clock in the morning; but by 

the Tables he finds the immerſion of that Satellite 

to be at mid- night at Greenwich : he can then im- 

mediately determine, that as there are three hours 

difference of time between Q and R, and that R 

is three hours forwarder in reckoning than Q, it 

muſt be 45 degrees of eaſt Longitude from the 

Meridian of Q. Were this method as practicable 

at ſea as at land, any ſailor might almoſt as eaſily, 

and with equal certainty, find the Longitude as 

the Latitude. . | 

214. Whilſt the Earth is going from C to F in Fs U. 

Its Orbit, only the immerſions of Jupiter's Satel- 
* e lites 
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We ſeliom lites into his ſhadow are generally ſeen; and their 
ſee the be- 


- Ennioe ang emerſions out of it while the Earth goes from G 
e. Indeed, both theſe appearances may be 
of any of ju. ſeen of the ſecond, third, and fourth Satellite when 
5 2 _ eclipſed, whilſt the Earth is between D and E, 


one or between G and 4; but never of the firſt Sa. 


tellite, on account of the ſmalneſs of it's Orbit 
and the bulk of Jupiter; except only when Ju- 


paiter is directly oppolite to the Sun; that is, when 
the Earth 1s at g: and even then, ftrictly ipeak- 
ing, we cannot ſee either the immerſions or emer: 
Fons of any of his Satellites, becauſe his body 
being directly between · us and his conical ſhadow, 
his Satellites are hid by his body a few moments 
before they touch his ſhadow ; and are quite 


emerged from thence before we can ſee them, as 


it were, juſt dropping from him. And when the 
Earth is at c, the Sun, being between it and Ju- 
piter, hides both him and his Moons from us. 
In this Diagram, the Orbits of Jupiter's Moons 
are drawn in true proportion to his diameter; but, 
in proportion to the Earth's Orbit, they are drawn 
g 1 times too large. | 
. whatever month. of the year Jupiter 1s 
eorjuni- in conjunction with the Sun, or in oppoſition to 
ee 5 him, in the next year it will be a month later at 
poſitions to leaſt. For whilſt the Earth goes once round the 
ery je Sun, Jupiter deſcribes a twelfth part of his Orbit. 
ee And therefore, when the Earth has finiſhed it's 
Heavens, annual period from being in a line with the Sun 
and Jupiter, it muſt go as much forwarder a 


Jupiter has moved in that time, to overtake him 


again: juſt like the minute-hand of a watch, 
which muſt, from any conjunction with the hour- 


hand, go once round the dial-plate and ſomewhat 
above a twelfth part more, to overtake the hour- 
1 again. 


4175 Ii is "I" by * that when the 


Earth is between the Sun and Jupiter, as at g, his 
Satellite 


— 
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The Motion of Light demonſtrated. "2 it 
Satellites are eclipſed about 8 minutes ſooner than PLaTz A 
they ſhould be according to the Tables: and 4 I 
when the Earth is at B or C, theſe Eclipſes hap- [| 
pen about 8 minutes later than the Tables predict ll 
them. Hence it is undeniably certain, that the 1 
motion of Light is not inſtantaneous, ſince it | Il 
takes about 164 minutes of time to go through a 1 
ſpace equal to the diameter of the Earth's Orbit, | | 
which is 162 millions of miles in length: and con- 1 
| ſequently the particles of Light fly about 164 i 
thouſand 494 miles every ſecond of time, which 11 
| WE is above a million of times ſwifter than the motion 10 
| of a cannon- bullet. And as light is 164 minutes rh. ron 1 
in travelling acroſs the Earth's Orbit, it muſt be fog velocity = 
X 8% minutes in coming from the Sun to us; there-" Ss YF 
: fore, if the Sun were annihilated, we ſhould ſee | N 
, him for 84 minutes after; and if he were again 1 
5 created, he would be 84 minutes. old before we 1 
: could ſee him. | | 1 
217. To explain the progreſſive motion of v. 1 
a | Light, let A and B be the Earth in two different if 
; parts of it's Orbit, whole diſtance from each other if 
. is 81 millions of miles, equal to the Earth's diſ- | 
tance from the Sun S. It is plain, that if themygr:ea Il | 
$ motion of Light were inſtantaneous, the Satellite by Figure. ll | 
: 1 would appear to enter into Jupiter's ſhacow FF Wl | 
t at the ſame moment of time to a ſpectator in A as 1 
c | do another in B. But by many years obſervations 1 
„n bas been found, that the immerſion of the WI | 
5 Satellite into the ſhadow is ſeen 84 minutes ſooner | 
x when the Earth is at B, than when it is at A. | 
_ And fo, as Mr. Romze firlt diſcovered, the mo- 1 
8 tion of Light is thereby proved to be progreſſive, 1 
bh, and not inſtantaneous, as was formerly believed. l f 
-l is eaſy to compute! in what time the Earth "| 
at moves from A to B; for the Chord of 6o degrees - 1 
u- of any Circle is equal to the Semi- diameter of | 
Wh fiat Circle; and as the Earth goes through all the 
0 degrees of it's Orbit in a year, it goes through | 
he bo of thoſe degrees in about 61 days. Therefore, 
115 1 Mi 


x26 


The Motion of Light demonſtrated. 
if on any given day, ſuppoſe the firſt of June, the 
Earth is at A, on the firſt of Auguſt it will be at 


B: the chord, or ſtraight line AB, being equal to 


DS the Radius of the Earth's Orbit, the ſame 


with AS it's diſtance from the Sun. 


218. As the Earth moves from D to C, through 
the ſide 4B of it's Orbit, it is conſtantly meeting 
the light of Jupiter's Satellites ſooner, which oc- 


caſions an apparent acceleration of their Eclipſes: 


and as it moves through the other half H of it 
Orbit, from C to D, it is receding from their light, 
which occaſions an apparent retardation of their 
Eclipſes, becauſe their light is then longer befor: 
it overtakes the Earth. 5 
219. That theſe accelerations of the immerſion 
of Jupiter's Satellites into his ſhadow, as the Earth 
approaches towards Jupiter, and the retardation 
of their immerſions our of his ſhadow, as the Earth 


is going from him, are not occaſioned by any ine- 
quality ariſing from the motions of the Satellites 


in excentric Orbits, is plain, becauſe it affeds 
them all alike, in whatever parts of their Orbit 
they are eclipſed. Beſides, they go often round 
their Orbits every year, and their motions are n 
way commenſurate to the Earth's. Therefore, 1 
Phenomenon not to be accounted for from the 
real motions of the Satellites, but ſo eaſily dedu- 
cible from the Earth's motion, and ſo anſwerable 
thereto, muſt be allowed to reſult from it. This 
affords one very good proof of the Earth's annuil 
—_: | | 
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To convert Motion into Time, and the reverſe. 127 


2 220. TABLES for converting mean ſolar Time into Degrees and 
t Parts of the terreſtrial Eau Aro; and alſo for converting De- 
0 grees and P arts of the Eu Aro into mean folar Time. 
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_ Of Solar and Sygereal Time. 


- Theſe are the Tables mentioned in the 208th 
Article, and are ſo caly that they ſcarce require 
any farther explanation than to inform the reader, 
that if, in Table I. he reckons the columns marked 
with Aſteriſks to be minutes of time, the other 
columns give the equatoreal parts or motion in 
degrees and minutes; if he reckons the Aſteriſk 
columns to be ſeconds, the others give the mation 
in minutes and ſeconds of the Equator; if thirds, 

in ſeconds and thirds: And if in Table II. he 
reckons the Aſteriſk columns to be degrees of 
motion, the others. give the time anſwering thereto 
in hours and minutes; if minutes of motion, the 
time is minutes and ſeconds; if ſeconds of motion, 
the correſponding time is given in ſeconds and 
thirds. An example in each caſe will make the 
whole very plain. | 64h 


ExAußpLE I. ExaMpLE II. 


Sydereal 
days ſhorter 
than ſolar 
days, and 
Why. ; 


nutes 24 ſeconds 20 thirds, 
Qu. How much of the 
Equator revolves through 
the Meridian? 


In 10 hours 15 mi- 


| 


CHA 


In what time will 153 
degrees 51 minutes 5 ſe- 
conds of the Equator 
revolve through the Me- 
ridian ? 


„ H. M. S. T. 
Hours 10 150 © 0 50 10 © 0.0 
Min. 15 3 45 oſDes· 199 

Sec. 24 S id , 3240 
Thirds 20 | „„ 1.9 

Anfever 153 51 5| Anſwer 10 15 24 20 
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Of Solar and Sydereal Time. 


221.FFAHE Stars appear to go round the Earth 
| in 23 hours 56 minutes 4 ſeconds, and 


the Sun in 24 hours: ſo 


that the Stars gain three 


minutes 56 {ſeconds upon the Sun every day, which 


amounts 


— —U—— — — magna 


Of Solar and Sydereal Time. | 129 


amounts to one diurnal revolution in a year; and p; arg 
therefore, in 365 days as meaſured by the returns III. 
of the Sun to the Meridian, there are 366 days as 
meaſured by the Stars returning to it: the former 
are called Solar Days, and the latter Sydereal. . 

The diameter of the Earth's Orbit is but a phy- 
fical point in proportion to the diſtance of the 
Stars; for which reaſon, and the E arth's uniform 
motion on it's Axis, any given Meridian will re- 
volve from any Star to the ſame Star again in 
every abſolute turn of the Earth, on it's Axis, with- 
out the leaſt perceptible difference of time ſhewn 
by a clock which goes exactly true. 

If the Earth had only a diurnal motion, without 
an annual, any given Meridian would revolve 
from the Sun to the Sun again in the ſame quan- 
tity of time as from any Star to the ſame Star 
again; becauſe the Sun would never change his 
place with reſpect to the Stars. But, as the Earth 
adyances almoſt a degree eaſtward in it's Orbit in 
the time that it turns eaſtward round it's. Axis, | 
whatever Star paſſes over the Meridian on any day 
with the Sun, will paſs over the ſame Meridian on 
the next day when the Sun is almoſt a degree ſhort 
of it; that is, 3 minutes 56 ſeconds ſooner. If 
the year contained only 360 days, as the Ecliptic 
does 360 degrees, the Sun's apparent. place, fo far 
as his motion is equable, would change a degree 
every day; and then the ſydereal days would be 
juſt 4 minutes ſhorter than the ſolar. | 

Let APCDEFGHIKLA be the Earth's Orbit. Fig. II. 
in which it goes round the Sun ex ery year, accord- 
ing to the order of the letters, that is, from weſt to 
alt; and turns round it's Axis the fame way from 
. Sun to the Sun again in every 24 hours. Let $ 
be the Sun, and R a fixed Star at ſuch an immenſe 
diſtance, that the diameter of the Earth's Orbit 
bears no ſenſible proportion to that diſtance. Let 
Nm be any particular Meridian of the Earth, and TE 


When 


| 
Wa given point or place vpon that Meridian, 5 
K : 


— —— ͤ —Aͤ]— 


But when the Earth has advanced, ſuppoſe a twelfth 


9o degrees in it's Orbit, and muſt turn go degrees 
on it's Axis to carry the point N from the Star to 


morning; at F, at 2 in the morning; and at G, 


Earth is at E, the Star comes to the Meridian at 
10 in the evening; at 7 it comes to the Meridian 


8 q 
s g 


Of Solar and Sydereal Time. 
When the Earth is at A, the Sun & hides the Star 
R, which would always be hid if the Earth nevet 

removed from A; and conſequently, as the Earth 
turns round it's Axis, the point N would always 
come round to the Sun and Star at the ſame time. 


of it's Orbit from A to B, it's motion round 
it's Axis will bring the point N a twelfth part of 
a natural day, or two hours, ſooner to the Star than 
to the Sun; for the Angle Mn is equal to the 
Angle ASB; and therefore any Star, which comes 
to the Meridian at noon with the Sun when the 
Earth is at 4, will come to the Meridian at 10 in 
the forenoon when the Earth is at B. When the 
Earth comes to C, the point N will have the Star 
on it's Meridian at 8 in the morning, or four hours 
ſooner than it comes round to the Sun; for it muſt 
revolve from N to u, before it has the Sun in it's 
Meridian. When the Earth comes to D, the point 
I will have the Star on it's Meridian at 6 in the 
morning, but that point muſt revolve fix hours 
more from NN to », before it has mid-day by the 
Sun: for now the Angle ASD 1s a. right Angle, 
and ſo is NDn; that is, the Earth has advanced 


ne — — — N i 


the Sun: for the Star always comes to the Meri- 
dian when Nm. is parallel to RSA; becauſe DS is 
but a point in reſpect of RS. © When the Earth is 
at E, the Star comes to the Meridian at 4 in the 


the Earth having gone half round: it's Orbit, N 
points to the Star R at midnight, it being then 
directly oppoſite to the Sun; and therefore, by 
the Earth's diurnal motion, the Star comes to the 
Meridian 12 hours before the Sun. When the 


at 8, that is, 16 hours before the Sun; at X 18 
hours before him; at J. 20 hours; at M 22; and 
at A equally with the Sun again. 


3 * * R 
b * 8 r 
„ ena * Kathe: le 8 
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a TABLE, ſhewing how much of the Celeſtial Equator paſſes 
over the Meridian in any part of a mean SoLar Day; and] 

how much the FixED STAaRs gain upon the mean SoL AR 
Tim every Day, fora Month, | © | 
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PLATE 
wu. 


An ot une When any particular Meridian comes to be parallel 


turn of the 


Ezrihonit's to it's ſituation at any time of the day before) never 


Axis never 
finiſhes a 


ſolar day. 


Fig. II. | 


continual night on the other. 


f Solar and Sydereal Time. 
222. Thus it is plain, that an abſolute turn of 
the Earth on it's Axis (which is always completed 


brings the ſame Meridian round from the Sun to 
the Sun again; but that the Earth requires as 
much more than one turn on it's Axis to finiſh a 
natural day, as it has gone forward in that time; 
which, at a mean ſtate, is a 36 th part of a Circle. 
Hence, in 365 days the Earth turns 366 times 
round it's Axis; and therefore, as a turn of the 
Earth on it's Axis completes a fydereal day, there 
muſt be one ſydereal day more in a year than the 
number of ſolar days, be the number what it will, 
on the Earth, or any other Planet. One turn being 
Joſt with reſpect to the number of ſolar days in a 
year, by the Planet's going round the Sun; juſt as 
it would be loſt to a traveller, who, in going round 
the Earth, would loſe, one day by! = the 
apparent diurnal motion of the Sun; and conſe- 
quently would reckon one day leſs at his return 
(let him take what time he would to go round the 
Earth) than thoſe who remained all the while at 
the place from which he ſet out. Soy if there were 
two Earth's revolving equally on their Axes, and 
if one remained at A until the other had gone round 
the Sun from A to A again, that Earth which kept 
it's place at A would have it's ſolar and ſydereal 
days always of the ſame length; and ſo would have 
one ſolar day more than the other at it's retutn. 
Hence, if the Earth turned but once round it's 
Axis in a year, and if that turn was made the ſame 
way as the Earth goes round the Sun, there would 
be continual day on one ſide of the Earth, and 


223. The firſt part of the preceding Table ſhews 
how much of the; celeſtial Equator paſſes over the 
Meridian in any given part of a mean ſolar day, 
and is to be underſtood the ſame way as the Table 
in the 220th article. The latter part, i 

I 5 >” „ 
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Accelerations of the fed Stars, affords us an eaſy Ty know by 
method of knowing whether or no our clocks and 8 

© watches go true: For if, through a ſmall hole in a Clock ges: 
Z window-ſhutter, or in a thin plate of metal fixed to vue or not. 
a window, we obſerve at what time any Star diſap- 

pears behind a chimney, or corner of a houſe, at a 

little diſtance; and if the ſame Star diſappears the 

next night 3 minutes 56 ſeconds ſooner by the 

clock or watch; and on the ſecond night, 7 mi- 

© nutes 52 ſeconds ſooner; the third -night 11 mi- 
nutes 48 ſeconds ſooner; and fo. on, every night, 

as in the Table, which ſhews this difference for 

30 natural days, it is an infallible fign that the ma- 

chine goes true; otherwiſe it does not go true; and 

muſt be regulated accordingly : and as the diſap- 
pearing of a Star is inſtantaneous, we may depend 

on this information to half a ſecond. . 


CHA P. XIII. 
Of the Equation of Time. 


224. HE Earth's motion on it's Axis being 
perfectly uniform, and equal at all times 

of the year, the ſydereal days are always preciſely 

of an equal length; and ſo would the ſolar or na- 

tural days be, if the Earth's Orbit were a perfect 

Circle, and it's Axis perpendicular to it's Orbit. 

But the Earth's diurnal motion on an inclined The Sun | 

Axis, and it's annual motion in an elliptic Orbit, —— 

cauſe the Sun's apparent motion in the Heavens to 92 four day 

be unequal: for ſometimes he revolves from the 

Meridian to the Meridian again in ſomewhat leſs 

than 24 hours, ſhewn by a well-regulated clock ; 

and at other times in ſomewhat more: ſo that the 

time ſhewn by an equal going clock and a true 

Sun-dial is never the ſame but on the 15th of 

April, the 16th of June, the gift of Auguſt, and the 

24th of December. The clock, if it goes equably, 


and true all the year round, will be before the Sun 
| K 3 _—_ 


TW Of the Equation of Time. 

from the 24th of December till the 15th of April; 
from that time till the 16th of June the Sun wil 
be before the clock; from the 16th of June till the 
31ſt of Auguſt the clock will be again before the 
Sun; and from thence to the 24th of December the 

Sun will be faſter than the clock. cg. 
Vs: ofthe 225. The Tables of the Equation: of natural 
1 days, at the end of the following Chapter, ſhew the 
wle. time that ought to be pointed out by a well regu- 
Jated clock or watch, every day of the year, at the 
preciſe moment of ſolar noon ; that is, when the 

Sun's center is on the Meridian, or when a true 
Sun-dial ſhews it to be preciſely Twelve. Thus, 

on the gth of January in Leap year, when the Sun 

is on the Meridian, it ought to be 5 minutes 51 
ſeconds paſt twelve by the clock : and on the 15th 


of May, when the Sun is on the Meridian, the time MY 
by the clock ſhould be but 55 minutes 57 ſeconds . 
paſt eleven: in the former caſe, the clock is 5 mi- MI 
nutes 31 ſeconds beforchand with the Sun; and in MJ 
the latter caſe, the Sun is 4 minutes 3 ſeconds faſt- Ml * 
er.than the clock. The column at the right hand 

of each month ſhews the daily difference of this 
equation, as it increaſes or decreaſes, But without a 
a Meridian Line, or a Tranſit-Inſtrument fixed in - 
the plane of the Meridian, we cannot ſet a Sun- | 
A N ; 
How to 226. The eaſieſt and moſt expeditious way of ; 
Sraw a Mee drawing a Meridian Line is this: Make four or : 
five concentric Circles, about a quarter of an inch F 
from one another, on a flat board about a foot in ; 
breadth; and let the ourmoſt Circle be but little a 
leſs than the board will contain. Fix a pin per- Wl , 
pendicularly in the center, and of ſuch a length 10 

that it's whole ſhadow may fall within the inner- 
moſt Circle for at leaſt four hours in the middle of Ml 
the day. The pin ought to be about an eighth ho 
art of an inch thick, and to have a round blunt i 


point, The board being ſet exactly level in a _ 
EF . . 


* Of the Equation . „„ 
| where the Sun ſhines, ſuppoſe from eight 1 a | 


; morning till four in the afternoon, about which 
8 hours the end of the ſhadow ſhould fall without 
. all the Circles; watch the times in the forenoon, 
0 when the extremity of the ſhortening ſhadow juſt 
bs touches the ſeveral Circles, and there make marks. 
| Then, in the afternoon of the, ſame day, watch 
a | the lengthening ſhadow, and where it's end touches 


the ſeveral Circles in going over them, make 
marks alſo. Laſtly, with a pair of compaſſes, find 
exactly the middle point between the two marks 
on any Circle, and draw a ftraight line from the 
center to that point; which Line will be covered 
at noon by the ſhadow of a ſmall upright wire, 
which ſhould be put in the place of the pin. 
The reaſon for drawing ſeveral Circles is, that in 
caſe one part of the day ſhould prove clear, and 
the other part ſomewhat cloudy, if you mils the 
time when the point of the ſhadow ſhould touch 
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7 one Circle, you may perhaps catch it in touching 
al. another. The beſt time for drawing a Meridian | 
nd Line in this manner 1s about the ſummer ſolſtice ; | 
$6 becauſe the Sun changes his declination ſloweſt | 
4 and his altitude faſteſt in the longelt days. | | 
1 50 If the caſement of a window on which the Sun | 


ſhines at noon be quite upright, you may draw a 
line along the edge of it's ſhadow on the floor, 
when the ſhadow of the pin is exactly on the 
Meridian Line of the board: and as the motion 


As of the ſhadow of the caſement will be much more 

Fer? ſenſible on the floor, than- that of the ſhadow of 

251 the pin on the board, you may know to a few 

75 ſeconds when it touches the Meridian Line on the 

per floor; and fo regulate your clock for the day of 

nen bervation by that line and the Equation Tables 

ner- adoye-mentioned, $ 22507; wobad od 2fn Ter 

le of i tt eon 10 I 183 18 10] 912 48 Jong. : 
ohth 227. As the Equation of time, or difference xquaion of 
Sint between the time ſhewn by a well-regulated Clock — leg 
Jac and a true Sun-dial, depends upon two cauſes, 


4 namely, 


FLO ESE 
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namely, the obliquity of the. Ecliptic, and the 

_ unequal motion of the Earth in it, we ſhall firſt 
explain the effects of theſe cauſes ſeparately con- 
ſidered, and then the united effects reſulting from 

their combination 7: 

228. The Earth's motion on it's Axis being 

erfc&ly equable, or always at the ſame rate, and 

the * plane of the Equator being perpendicular 

| to it's Axis, it is evident that in equal times 


The at tor. But, as the Ecliptic is oblique to the 
art o - E i 

Equation of Equator, the equable motion of the Earth carries 
time, 


© 3, + 


the beginning of Aries or Libra, and continue to 
move through equal arcs in equal times, one in 
the Equator, and the other in the Ecliptic, the 
_ equatoreal Sun would always return to the Meri 
dian in 24 hours time, as meaſured by a well 
regulated clock; but the Sun in the Ecliptic 
would return to the Meridian ſometimes ſooner, 
and ſometimes later than the equatoreal Sun; and 
only at the ſame moments with him on four days 
of the year; namely, the 2oth of March, when 
the Sun enters Aries; the 2 iſt of June, when he 
enters Cancer; the 23d of September, when he 
enters Libra; and the 21ſt of December, when he 
enters Capricorn. But, as there is only one Sun, 
and bis apparent motion is always in the Ecliptic 


If the Earth were cut along the Equator, quite through 
the center, the flat ſurface of this ſection would be the plane 
of the Equator; as the paper contained within any Circle ma 


1 


be jullly termed the plane of that Circle, 2. 
: 2 | let 


of the Equation of Tine. | 'F 3 7 


let us henceforth call him the real Sun, and the priate 
other, which is ſuppoſed to move in the Equator, VI. 
the fictitious; to which laſt, the motion of a well- 
regulated clock always anſwers. | 

Let Zy za be the Earth, Z FRA it's Axis, Fig, 111, 
abede &c. the Equator ABCDE &c. the northern 
half of the Ecliptic from 4 to & on the fide of 
the Globe next the eye; and MNOP &c. the 
ſouthern half on the oppoſite ſide from & to . 


Let the points at A B, C, D, Fe &c. quite 


round from ꝙ to wv again bound equal portions 
of the Ecliptic, gone through in equal times by 
the real Sun; and thoſe at a, 5, c, d, e, , &c. 
equal portions of the Equator deſcribed in equal 
times by the fictitious Sun; and let 2 ꝙ 2 be the 
Meridian. 

As the real Sun moves obliquely in che Ecliptic, 
and the fictitious Sun directly in the Equator, with 


reſpect to the Meridian; a degree, or any num- 


ber of degrees, between ꝙ and F on the Ecliptic, 
muſt be nearer the Meridian Z ꝙ x, than a de- 
gree, or any correſponding number of degrees on 
the Equator from ꝙ to /; and the more fo, as 
they are the more oblique: and therefore the 
true Sun comes ſooner to the Meridian every day 
whilſt he is in the quadrant 4 F, than the ficti- 
tious Sun does in the quadrant w f; for which 
reaſon, the ſolar noon precedes noon by the Clock, 
until the real Sun comes to F, and the fictitious 
tf; which two points, being equidiſtant from 
the Meridian, both Suns will come to it preciſely 
at noon. by the Clock. _ 

Whilſt the real Sun deſcribes the ſecond qua- 
drant of the Ecliptic FGHIKL from = to , he 
comes later to the Meridian every day, than the 
fititious Sun moving through the ſecond quadrant 
of the Equator from F to ; for the points. at 
b, E, I. K, and L being farther from the Meri- 
an than their correſponding points at g, b, i, &, 


nd 4 they mutt be later of coming to it: and 4 
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both Suns come at the ſame moment to the point 
23, they come to the Meridian at the moment of 
noon by the Clock. e 
In departing from Libra, through the third 
quadrant, the real Sun going through MNOP9 
towards at R, and the fictitious Sun through 
mnopq towards r, the former comes to the Meri. 
dian every day ſooner than the latter, until the 
real Sun comes to y, and the fictitious to r, and 
then they both come to the Meridian at the ſame 

rimne. + Fe Trey 
Laſtly, as the real Sun moves equably through 
STU, from vw towards ; and the fictitious 
Sun through 5/uvw, from r towards V, the for- 
mer comes later every day to the Meridian than 
1 the latter, until they both arrive at the point , 
I and then they make it noon at the ſame rime with 

the clock. WJ 


- 


229. The annexed Table ſhews how much the 

Sun 1s faſter or flower than the clock ought to 

be, ſo far as the difference depends upon the obli- 

quity of the Ecliptic; of which the Signs of the 

firſt and third quadrants are at the head of the 

4 Tate of Table, and their Degrees at the left hand; and 

theFquation in theſe the Sun is faſter than the Clock: the 

of Timede- Signs of the ſecond and fourth quadrants are at 

Fe Son's the foot of the Table, and their degrees at the 

Fehse. right hand; in all which the Sun is flower than 

the Clock: fo. that entering the Table with the 

given Sign of the Sun's place at the head. of the 

Table, and the Degree of his place in that Sign WI 

at the left hand; or with the given Sign at the | 
foot of the Table, and Degree at the right hand; 

in the Angle of meeting is the number of minutes 
and ſeconds that the Sun is faſter or flower than 
the clock : or in other words, the quantity of time 
in which the real Sun, when in that part of the 
Ecliptic, comes ſooner or later to the ' meridian 

than the fictitious Sun in the Equator. _m 

41 | 8 
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Of the Equation of Time. | 
when the Sun's place is s Taurus 12 degrees, 
he is 9 minutes 49 ſeconds faſter than the clock; 
and when his place is s Cancer 18 degrees, he is 
6 minutes 2 ſeconds ſlower. nn 


"Sun fafter than the Clock in 
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140. Of the Equation of Time. 
PLATE 230, This part of the Equation of time may 


* 


to the brazen Meridian ſooner, than the corre- 
ſponding patches on the Equator; all thoſe from 
Cancer to Libra will come later to the Meridian, 
than their correſponding patches on the Equator; 
thoſe from Libra to Capricorn ſooner, and thoſe 
from Capricarn to Aries later : and the patches at 
the beginnings of Aries, Cancer, Libra, and Ca- 
pricorn, being either on, or even with thoſe on the 
Equator, ſnew that the two Suns either meet 
there, or are even with one another, and ſo come 
to the Meridian at the fame moment. 

A machine 231. Let us ſuppoſe that there are two little 


for dete, balls moving equably round a celeſtial Globe by 


the ſydereal, ; | Fo : 4 3 
me equal, Clock -work, one always Seung in the Ecliptic, 


H. and gilt with gold, to repreſent the real Sun; and 
5 the other keeping in the Equator, and filvercd, 
to repreſent the fictitious Sun: and that whilſt 
theſe balls move once round the Globe accord- 
ing to the order of Signs,” the Clock turns the 
Globe 366 times round it's Axis weſtward. The 
Stars will make g66 diurnal revolutions from the 
braſen Meridian to it again; and the two balls re- 


preſenting the real and fictitious Suns always going 


farther eaſtward from any given Star, will come 
later than it to the Meridian every following day; 
and each ball will make 365 revolutions to tbe 
Meridian; coming equally to it at the beginning 
of Aries, Cancer, Libra, and Capricorn: but in 
every other point of the Ecliptic, the gilt bal 
will come either ſooner or later to the Meridian 


than 


Of the Equation of Time. 


141 


than A ſilvered ball, like the patches ms PETR. 


mentioned. This would be a pretty enough way 


of ne wing the reaſon why any given Star, which, 
on a certain day of the year, comes to the Meri- 


dian with the Sun, paſſes over it ſo much ſooner 

every following day, as on that day twelvemonth 
to come to the Meridian with the Sun again; and 
alſo to ſhew the reaſon why the real Sun comes to 
the Meridian ſometimes ſooner, ſometimes later, 
than it is noon by the clock; and, on four days 
of the year, at the ſame time; whilſt the fictitious 
Sun always comes to the Meridian when it is 
twelve at noon by the clock. This would be ne 
difficult taſk for an artiſt to perform for the gold 
ball might be carried round the Ecliptic by a 
wire from it's north Pole, and the ſilver ball round 
the Equator by à wire from it's fouth Pole, 
means of a few wheels to each; which might be 
eaſily added to my improvement of the celeſtial 
Globe, deſcribed in Ne 483 of the Philoſophical 
Tray/aftions 3 and of which I ſhall give a deſerip- 
tion in the latter part of this Book, from the third 
Figure of the third plate. 


232. It is plain that if the Reliptic were more pig. ny, 


obliquely poſited to the Equator, as the dotted 


Circle ꝙ x , the equal diviſions from w to- x 
would come {ſtill ſooner to the Meridian Zo 
than thoſe marked 4, B, G, D, and E do: for two 
avitions containing 30 degrees, from to the 
ſecond dot, a little ſhort of the figure 1, come 
looner to the Meridian than one' diviſion contain- 
ng only 15 degrees from Y to A does, as the 
Ecliptic now ffands; and thoſe of the ſecond 
quadrant from * to would be ſo much later. 
The third quadrant would be as the firſt, and the 
fourth as the ſecond. And it is likewiſe plain, 
that where the Ecliptio is moſt oblique, namely 
about Aries and 20 the difference would be 
geatelt ; and leaſt about Cancer and Capricorn, 
Flere the obliquity i is leaſt, 

254. Having 
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VI. 


The ſecond 


part of the 


Of the Equation of Time. 


234. Having explained one cauſe of the dif- 
ference of time ſhewn by a well-regulated Clock 
and a true Sun-dial; and conſidered the Sun, not 


Equation of the Earth, as moving in the Ecliptic; we now 


Time, 


proceed to explain the other cauſe. of this differ- 
ence, namely, the inequality of the Sun's apparent 
motion, §& 20g, which is ſloweſt in ſummer, when 
the Sun is fartheſt from the Earth, and ſwifteſt in 
winter when he is neareſt to it. But the Earth's 
motion on it's Axis is equable all the year round, 
and is performed from weſt to eaſt; which is the 
way that the Sun appears to change his place in 
CRT d ian 
235. If the Sun's motion were equable in the 
Ecliptic, the whole difference between the equal 
time as ſhewn by the Clock, and the unequal time 
as ſhewn by the Sun, would ariſe from the obli · 
quity of the Ecliptic. But the Sun's motion 
ſometimes exceeds a degree in 24 hours, though 


generally it is leſs: and when his motion is 


ſloweſt, any particular Meridian will reyolve ſooner 
to him than when his motion is quickeſt; for it 
will overtake him in leſs time when he advances a. 


leſs ſpace than when he moves through a larger. 


rit v. the Ecliptic. Let ABCD be the Ecliptic or Orbit 


— 


236. Now, if there were two Suns moving in 
the plane of the Ecliptic, ſo as to go round it in 
a year; the one deſcribing an equal arc every 
24 hours, and the other deſcribing ſometimes a 
leſs arc in 24 hours, and at other times a larger; 
gaining at one time of the year what it loſt at the 
oppoſite; it is evident that either of theſe Suns 
would come ſooner or later to the Meridian than 
the other, as it happened to be behind or before 
the other: and when they were both in conjunc- 
tion, they would come to the Meridian at the ſame 
„„ Ä ͤ C kn 37.. 2; | 
237. As the real, Sun, moves. unequably in the 
Ecliptic, let us ſuppoſe a. fictitious: Sun to move 
equably in a circle coincident with the plane of 


n 


— 


Of the Equation of Time, 
in which the real Sun moves, and the dotted 
Circle abcd the imaginary Orbit of the fictitious 
Sun; each going round in a year according to the 
order of letters, or from weſt to eaſt. Let HIKL 
be the Earth turning round it's Axis the ſame 
way every 24 hours; and ſuppoſe both Suns to 
ſtart from A and a, im a right line with the plane 
of the Meridian EH, at the ſame moment: the 
real Sun at A, being then at his greateſt diſtance 
from the Earth, at which time his motion is 


| loweſt ; and the fictitious Sun at a, whoſe motion 
is always equable, becauſe his diſtance from the 


Earth is ſuppoſed to be always the ſame. In the 
time that the Meridian revolves from H to H 
again, according to the order of the letters HKL, 
the real Sun has moved from A to F; and the 
ititious with a quicker motion from à to 7, 
through a larger arc: therefore, the Meridian EE 
vill revolve ſooner from H to þ under the real 
Sun at F, than from H to under the fictitious 
dun at F; and conſequently it will then be noon 
by the Sun- dial ſooner than by the Clock. 
As the real Sun moves from 4 towards C, the 
witneſs of his motion increaſes all the way to C, 
viere it is at the quickeſt. But notwithſtanding 
this, the fictitious Sun gains ſo much upon the 
real, ſoon after his departing from A, that the 
Lncrealing velocity of the real Sun does not bring 
him up with the equally moving fictitious Sun 
ill the former comes to C, and the latter to c, 
nen each has gone half round it's reſpective 
Orbit; and then being in conjunction, the Meri- 
dan EH revolving to EK comes to both Suns at 
lie ſame time, and therefore it is noon by them 
both at the fame moment. 
But the increaſed velocity of the real Sun, now 


Peng at the quickeſt, carries him before the ficti- 


Fous one; and therefore, the ſame Meridian will 
one to the fictitious Sun ſooner than to the real: 
. whilſt the fictitious Sun moves from e to g, 
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PLATE the real Sun moves through a greater arc from C 
VI. to E: conſequently the point K has it's noon by 
the Clock when it comes to &, but not it's noon 
by the Sus till it comes to „., And although the 
velocity of the real Sun diminiſhes all the way 
from C to A, and the 6Ritious Sun by an equable 
motion is ſtill coming nearer. to the real Sun, yet 
they are not in conjunction till the one comes to 
A and the other to 23 and chen it is noon by them 

both at the ſame moment. 

Thus it appears, that the FAM noon is dans 
later than noon by the clock whilſt the Sun goes 
from C to A, ſooner whilſt he goes from A to C, 
and at theſe two points the Sun and Clock being 
aum it is. Hood by them worn RO Wor ſame mo- 
mens. 09155 15 5 : 24 * 1 f 


o . [1 o 


Apogee, Pe- © 2 38. The point 4 is called the Sun's 5 
Agde, becauſe When he is there, he is at his greateſt 
what. diſtance from the Earth; the point C his Perige, 
: | becauſe when in it he is at his leaſt diſtance from 
Fir. V. the Earth: and a right line, as AEC, drawn 
through the Earth's center, from one of. theſe 
points to the other, is called the line of the Apjides. 
239. The diſtance that the Sun has gone in 
ny time from his Apogee (not the diſtance be 
has to go to it, though ever ſo little) is called his 
Mean Ano» mean Anomaly, and is reckoned in Signs and De- 
maly, what. grees, allowing 30 Degrees to a Sign. Thus, 
when the Sun has gone ſuppoſe 174 degrees from 
his Apogee at 4, "he is laid to be 5 Signs 24 
Degrees from it, which is his mean Anomaly ; 
and when he is gone ſuppoſe 355 degrees from 
his Apogee, he is ſaid to be 11 Signs 25 Degrees 
from it, although he be but 5 Degrees ſhort of 

A Ain coming round to it again. 
240. F rom what was ſaid above, it appears, 
that when the Sun's Anomaly is leſs than 6 Signs, 
that is, when he is any where between A and C, 


in the half ABC of his Orbit, the ſolar noon pie 
5 cedes 


ba, Fa > D690 Hoo kh.0, amd anos _ tos 1 


VS ww — WW „ ..-* WS ww wwe, as ; a” WW oF TT Yw* NWS a RNVÞ 5. =» 2 - 
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to be underſtood 
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cedes the clock noon; but when his Anomaly is 


more than 6 Signs, that is, when he is any where 
between C and A, in the half CDA of his Orbit, 


the clock noon” precedes the folar. When his 
Anomaly is o Signs o Degrees, that is, when he 


is in his Apogee at A; or 6. Signs o Degrees, 


which is when he is in his Perigee at C; he comes 
to the Meridian at the moment that the fictitious. 
| Sun does; and then it is noon by them both at the 


ſame inſtant. 


2241. The following Table ſhews the Variation, 
or Equation of time depending on the Sun's Ano- 


maly, and ariſing from his unequal motion in the 
Ecliptic; as 


Variation depending on the Sun's place, and re- 
ſulting from the obliquity of the Ecliptic: this is 
the ſame way as the other, 
namely, that when the Signs are at the head of 
the Table, the Degrees are at the left hand; but 


when the Signs are at the foot of the Table, the 


reſpetive Degrees are at the right hand; and in 
both caſes the Equation is in the Angle of meet- 
ing. When both the above-mentioned Equations 


are either faſter or ſlower, their ſum is the abſo- 


lute Equation of Time; but when the one is 


taſter, and the other ſlower, it is their difference. 
Thus, ſuppoſe the Equation depending on the 


| Sun's place, be 6 minutes 41 ſeconds roo flow, 
and the Equation depending on the Sun's Ano- 


maly, be 4 minutes 20 ſeconds too ſlow, their 
Sun is 11 minutes 1 ſecond too ſlow. But if the 


| one bad been 6 minutes 41 ſeconds too faſt, and 
| the other 4 minutes 20 ſeconds too flow, their 


Utterence would have been 2 minutes 2 1 ſeconds too 


laſt, becauſe the greater quantity is too faſt. 


. 


the former Table, $ 229, ſhews the 
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pending on 
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4 k bots 
1 Sun flower than the Clock if his Anomaly be 
re — — — U— 
242. Tbe obliquity of the Ecliptic to the 
Equator,” which is the firſt mentioned cauſe of 
the Equation of Time, would make the Sun and 
Clocks agree on four days of the year; which ar, 


when the Sun enters Aries, Cancer, Libra, and 


Capricorn: but the other cauſe, now * 
8 wWoul 


— 


: & 


oO AD —— —— GOO 


would make the Sun and Clocks equal only twice 


in a year; that is, when the Sun is in his Apogee 
and Perigee. Conſequently, when theſe two 
points fall in the beginnipgs of Cancer and Capri- 
corn, or of Aries and Libra, they concur in mak- 
ing the Sun and Clocks equal in theſe points. 
But the Apogee at preſent is in the gth degree 
of Cancer, and the Perigee in the gth degree of 
Capricorn; and therefore the Sun and Clocks 
cannot be equal about the beginnings of theſe 
Signs, nor at any time of the year, except when 
the ſwiftneſs or ſlowneſs of Equation reſulting from 
one cauſe. juſt balances the ſlowneſs or ſwiftneſs 
aiſng from the other. 
243. The ſecond Table in the following Chapter 
ſnews the Sun's place in the Ecliptic at the noon 
of every day by the Clock, for the ſecond; year 
after Leap- year; and alſo the. Sun's Anomaly to 
the neareſt degree, neglecting the odd minutes of 
that degree. It's uſe is only to aſſiſt in the me- 
thod of making a general Equation Table from 
the two, fore-mentioned Tables of Equation de- 
pending on the Sun's Place and Anomaly, § 229, 
241.3, concerning which method we ſhall give a 
few examples preſently, The next following 
Tables are made from thoſe two; and ſhew the 
abſolute. Equation of Time reſulting from the 
combination of both it's cauſes; in which the 
minutes as well as degrees, both of the Sun's 
Place and Anomaly, are conſidered. The uſe. of 
theſe Tables is already explained, $ 225; and they 
ſerve for every day in Leap-year, and the firſt, 
ſecond, and third years after: For on moſt of the 


ame days of all theſe years the Equation differs, 


becauſe of the odd fix hours more than the 365 
days of which the year conſiſts, | 


— 


ExAu I. On the 15th of April, the Sun is Ernie, 


n the 25th degree of Y Aries, and his Anomaly 
vy Signs 15 Degrees; the Equation reſulting 


for making 
Equation 
1 ables, 


2 from 
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- which decreaſing will come to an equality, and ſo 


Of the Equition of Time, 


from the former is 7 minutes 23 ſeconds of tins 
too faſt, & 229; and from the latter, 7 minutes 
27 ſeconds too flow, & 241 the difference is 4 
ſeconds that the Sun is too Now at the noon of 
that day; ; taking it in groſs for the degrees of the 
Sun's Place and abs s nl, without making 
portionable allowance for the odd minutes, 
Hence, at noon, the ſwiftneſs of the one Equation 
balancing ſo nearly the ſlowneſs of the other, 
makes the Sun N Clocks I on ſome part of 
ne: P C908 1 


ire 11. On vey 18 wy Ja RY Full 1s 
in the 25th degree of n Gemini, and' his Ano- 
maly 18 11 Signs 16 Degrees; the Equation ariſing 
from the former! 18 BY minute 48 ſeconds” too faſt; 
and from the latter 1 minute 30 ſeconds 00 flow; 
which balancing one another at noon to 2 ſeconds, 
the Sun and Clocks are again equal on trat day. 
1 5 
Eradelz UI. On the 31ſtof Augaf, thi Sun's 
Por: is 7 degrees 32 minutes of Virgo (which 
we call the 8th degree, as it is ſo near) and his 
Anomaly is 2 Signs © Degrees; the Equation ari- 
fing from the former is 6+ minutes 41 feconds 
too ſlow; and from thie latter 6 minutes 39 ſeconds 
tos faſt; the difference being only 2 ſeconds too 
flow at noo. and decreafing towards an equality, 
will make the Sun and Clocks e in the after 
noon of that oy * 3 | r; I 
el tlg $442 1 
ä Brill IV. On dhe 23 d "wy December, 0 10 
Sun's place is 1 degree 41 1 cite tres (call it 2 de. on 
grees) of 1 Capricorn, a1 his Anomaly 18 5 "Signs He 
23 Degrees; the Equation for the former is 43 the 
teconds too flow, and for "the ; latter 58 ſeconds too * 
faſt; the difference i 1s 15 ſeconds too! > falt at noon; ge. 


make the Sun and Clocks equal in the evening 0 of 
mit _— 
Ang 
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bor if we" wot examples for all other 


Rematk, 


* 


| The four following Equation Tables, for Leap- The reawn 
ear, and the firſt, fecond, and third years after, why Equa- 


es; e | 1 : tion Tables 
0- I would ſerve for ever, if the Sun's Place and Ano- ate but tem- 


g maly were always the ſame on every given day of porary. 
; the year as on the ſame day four years before or 

"; WH after. But ſince that is not the caſe, no general 

15 i Equation Tables can be fo conſtructed as to be 

* A „5 


g F 1 4 . 35 2 1 ; ex . 4 : : : " 5 44 : % 
ch N C H A .. XI Y 2 . . = * * 
ö « z : . % 


115 | 1 11 A e > 3. 

1 — has been already obſerved, 5 116, that 
oo . 1 by che Earth's motion on it's Axis, there 
0 5 more matter accumulated all around the equa- 
hl toreal parts than any where elſe on the Earth. 

Þ The Sun and Moon, by attracting this redun- 


+ {WI 42ncy of matter, bring the Equator ſooner under 
guem in every return towards it, than if there was 


. || rn. IC in if tl 
a i no ſuch accumulation. Therefore, if the Sun ſets 
ns MN 22+ 2s from any Star, or other fixed point in the 
9 Heavens, the moment when he is departing from 


00 the Equinoctial or from either Tropic, he will come 
me bthe ſame Equinox or Tropic again 20 min. 172 

c. of time, or 30 ſeconds of a degree, before he 

of compleats his courſe, ſo as to arrive at the ſame 

bed Star or Point from whence he ſet out, For, 

bg 3 
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PLATE 
VI. 


Fig. IV. 


Signs of the 


Of the Preceſſion of the Equinoxes. 
the Equinoctial points recede 50 ſeconds of a de. 
gree weſtward every year, contrary to the Sun's 


annual progreſſive motion. 


© 3 
* » 


When. the Sun arrives at the ſame * Equinoctial 


or Solſtitial point, he finiſhes what we call the 


Tropical Year; which, by obſervation, is found to 
contain 365 days 5 hours 48 minutes 57 ſeconds: 
and when he arrives at the ſame fixed Star again, 


as ſeen from the Earth, he compleats the Syderea! 


Year, which contains 365 days 6 hours 9 minutes 
14 ſeconds. The Sydereal Year is therefore 20 
minutes 172 ſeconds longer than the Solar or Tro- 
pical year, and 9 minutes 144 ſeconds longer than 
the Julian or Civil year, which we ſtate at 365 days 


6 hours: ſo that the Civil year is almoſt a mean 


betwixt the Sydereal and Tropical. 


++ 


247. As the Sun deſcribes the whole Ecliptic 
or 360 degrees, in a Tropical year, he moves 


59 8” of a degree every day at a mean rate: and 


conſequently 50” of a degree in 20 minutes 17; 
ſeconds of time: therefore, he will arrive at the 
fame Equinox or . Solſtice when he is 50” of 2 


degree ſhort of the ſame Star or fixed point in the 


Heavens from which he ſer out in the year before, 


So that with reſpect to the fixed Stars, the Sun and 


Equinoctial points fall back (as it were) 30 degrees 
in 2160 years, which will make the Stars appear 
to have gone 39 deg. forward, with reſpect to the 

| he Ecliptic in that time: for the ſame 
Signs always keep in the ſame points of the Eclip- 
tic, without regard to the Conſtellations. _ 
To explain this by a Figure, let the Sun be in 
Conjunction with a fixed Star at &, ſuppoſe in the 
zoth degree of 8, on the 21ſt day of May 1756. 
Then making 2 160 revolutions through the Eclip- 


he two oppoſite points in which the Ecliptie croſſes tit 
Equinoctial, are called he Eguinoctial points: and the tho 
points where the Ecliptic touches the Tropics (which are uy 
wiſe oppoſite, and go degrees from the former) are called: 
Solftitia) points. my ws FOOT 

4 


tic 
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tic Vn, , at the end of ſo many Sydereal years, 
he wilt be found again at &: but at the end of ſo 
many Julian years, he will be found at M. ſhort of 


S: and at the end of ſo many Tropical years, hg 


vill be found ſhort of M. in the zoth deg. of Tau. 
rus at 7, which has receded back from & to T in 


that-time; by the preceſſion of the Equinoctia 
punts Aries and & Libra. The Arc ST wil 
be equal to the amount of the Preceſſion of the 
Equinox in 2160 years, at the rate of 50” of a de. 


gree, or 20 min. 17 ſec. of time annually : this, 


in ſo. many years, makes 30 days 10; hours: which 
is the difference between 2160 Sydereal and Fro- 
pical years: And the Arc MT will be equal to 
the ſpace moved through by the Sun in 2160 times 
11 min. 3 fec. or 16 days 13 hours 48 minutes, 
which is the difference between 2160 Julian and 


Tropical years. 


248. From the ſhifting of the Equinoctial points, 


and with them, all the Signs of the Ecliptic, it fol. 
los that thoſe Stars which in the infancy of Aflro- 
nomy were in Aries are now got into Taurus; thoſe 
of Taurus into Gemini, &c. Hence likewile it is, 
that the Stars which roſe or ſet at any particular 


ſeaſon of the year, in the times of HxEsiob, Eu- 
poxvs, VII GIL, Piixx, &c. by no means anſwer 
at this time to their deſcriptions. The preceding 


Table ſhews the quantity of this ſhifting both in 


the Heavens and on the Earth, for any number of 
years to 23,920; which compleats the grand celel- 
rial period: within which any number and it's quan- 
tity is eaſily found; as in the following example, 
for 3763 years; which at the Autumnal Equinox, 


A. D:11756, is thought to be the age of the world. 


So that with regard to the fixed Stars, the Egqui- 
noctial points in the Heavens, have receded 
2* 20* 27 30, fince the creation; which is as much 


as the Sun moves in 814 5% 32. And ſince 
that time, or in 5763 ; years, the Equinoxes with 


ys 


Of the .Preceſſion of the Equinoxes, „ 

| us have fallen back 44 5 21 g* z hence, reckon- 

ing from the time of the Julian Equinox, d. 9. 

1756, vix. Sept. Iith, it appears that the Autum- 5 
nal Equinox at the creation was on the 25th of 

Ofober. 1 | | rp 


—_— 


Preceſlion of the Equinottial Points || Anticipation of} 


| in the Heavens. | the Equinoxes 
ſultan — ä v— — — on the Earth. 
years. 8 Motion. 85 | l Time. 44 „ 4 
/ ( 
— —ů— — . 
5000 2 9 26 4070 10 58 20 
70000 9 43 209 20 44, 19 
60% o © 50 9 20 17 30 
go 0:7 2 0+ D 8 Dx 
76312 20 2. Zol8t 5 0 52 


2249. The anticipation of the Equinoxes, and The ** 
conſequently of the Seaſons, is by no means owing Ption of the 
Equinnxes 


to the preceſſion of the Equinoctial and Solſtitial and Season. 
points in the Heavens (which can only affect the 


Is, | 
ar apparent motions, places and declinations of the 
u- WF fixed Stars) but to the difference between the Civil 
er and Solar year, which is 11 minutes 3 ſeconds; 


1g the Civil year containing 365 days 6 hours, and 

in he Solar year 365 days 5 hours 48 minutes 57 

of WW {econds. The next following Table, page 157, * 

. ſhews the length, and conſequently the difference 

n- of any number of Sydereal, Civil and Solar years 

e, from 1 to 10,000. . 

x, 230. The above 11 minutes 3 ſeconds, by which The rea 
d. fie Civil or Julian year exceeds the Solar, amounts ih. paring 
i. % 11 days in 1433 years: and fo much our ſea- | 
ds have fallen back with reſpect to the days of : 
ch dhe months, ſince the time of the Nicene Council N 
© n A. D. 323, and therefore in order to bring back | 
al the Faſts and Feſtivals to the days then {ertled, ö 
5 | 2 it 


/ 


1 
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PLATE it was requilite to ſuppreſs 11 nominal days. And 
VL that the fame ſeaſons might be kept to the ſame 
times of the year for the future, to leave out the 
Biffexrile-day in February at the end of every cen- 
tury of years not diviſible by 4; reckoning them 
only common years, as the 15th, 18th, and 19th 
centuries, biz. the years 1700, 1800, 1900, Ge. 
becauſe a day intercalated every fourth year was 
too much, and retaining the Biffextile-day at the 
end of thoſe Centuries ot years which are divifible 
by 4, as the 16th, 20th, and 24th Centuries; viz. 
the years 1600, 2000, 2400, Cc. Otherwiſe, in 
length of time, the ſeaſons would be quite reverſed 
with regard to the months of the year; though it 
would have required near 23,783 years to have 
brought about fuch a total change. If the Earth 
had made exactly 365+ diurnal rotations on it's Axis, 
whilſt it revolved from any Equinoctial or Solſtitial 
point to the ſame again, the Civil and Solar years 
would always have kept pace together; and the 
82 . never have needed any alteration. 


The Precef.. 25 T. Having already mentioned the cauſe of the 
1 Preceſſion of the Equinoctial points in the Heavens, 
ins. Y 246, which occalions a flow deviation of the 
| | Earth's axis from it's paralleliſm, and thereby a 
change of the' declination of the Stars from the 
Equator, together with a flow apparent motion of 
the Stars forward with reſpect to the Signs of the 


Ecliptic, we ſhall'n now explain the Phenomena by 


a Diagram. 

Fix vi. Let NZ SVL be th Earth, SONA i it's As pro- 
duced to the ſtarry Heavens, and terminating in 4, 
the preſent north Pole of the Heavens, which is 
vertical to N the north Pole of the Earth. Let 
EO be. the Equator, T4 the Tropic of LOT 
and Vi the: Tropic! of Capricorn: YOZ the 


** and Z 0 ts Axis, both which are Py 
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able among the Stars. But, as * the Equinoctial 
oints recede in the Ecliptic, the Earth's Axis 


ſuch a manner, as to deſcribe the double Cone 
NO and SOs, round the Axis, of the Ecliptic BO, 
in the time that the Equinoctial points move 


Earth's. Axis produced, deſcribes the Circle 


of the Ecliptic, which keeps, immoveable in the 
center of that Circle. The Earth's Axis being 234 
degrees inclined to the Axis of the Ecliptic, the 
Circle AB C D A deſcribed by the north Pole of 


; the Earth's Axis produced to 4, is 47 degrees in 
h diameter, or double the inclination of the Earth's 
„ Axis. In conſequence of this, the point A, which 
1 at preſent is the north Pole of the Heavens, and 
8 near to a ſtar of the ſecond magnitude in the tail 
e of the conſtellation called he Lilile Bear, mult be 


deſerted by the Earth's Axis; which moving back- 
| wards a degree every 72 years, will be directed 
towards the Star or Point B in 6480 years hence: 
and in double of that time, or 12, 960 years, it 
will be directed towards the Star or Point C; 
which will then be the north Pole of the Heavens, 
although ir is at preſent 8+. degrees ſouth of the 
| Zenith of London L. The preſent. poſition of the 
Equator EO 2, will then be changed into eOg, 
the Tropic of Cancer 7 Z into Vs, and the 
Tropic of Capricorn VT into ty Z; as is evi- 
dent by the Figure. And the Sun, in the ſame 
part of the Heavens where he is now over the 


The Equinoctial Circle interſects the Ecliptic in two op- 


F polite points, called Aries and Libra, from the Signs which al- 
3 Ways keep in theſe points: They are called the Equinoctial 
e Points, becauſe when the Sun is in either of them, he is di- 
- realy over the terreſtrial Equator; and then the days and nights 
e ale equal. * 5 


earthly 


0 Vis in motion upon the Earth's, center O, in 


quite round the Ecliptic, which is 25,920 years; | 
and in that length of time, the north Pole of the 


ABCDA in the ſtarry Heavens, round the Pole 
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earthly Tropic of Capricorn, and makes the ſhorteſt 
1 | days and longeſt nights in the Northern Hemi- 
—_ 2 will then be over the earthly Tropic of 
ancer, and” make the days longeſt and nights 3 
| _ ſhorteſt. Sg that it Will require 12, 960 years yet 
ul | more, or 2 :5,020from' the then preſent time, to bring 
[|| the north Pole M quite round, ſo as to be directed 
_ | coward that point of the Heavens which is vertical 
= to it at preſent. And then, and not till then, the 
1 dime Stars which at preſent deſcribe the Equator, 
Tropics, and polar Circles, Cc. by the Earth's — 
5 c diana motian, n deſcribe them over again, 
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The Moon's e mountainous : Her Phaſes deſerib- 
ed: Her path, and the paths of Fupiter's Moons 
delineated : The proportions of the Diameters of 
their Orbits, and thoſe of Saturn's Moons, to each 
e, and to the Diameter of the Sun. | 


252. v looking at the Moon with a an ordinary PLATE 


28 1 teleſcope, we perceive that her ſurface 1s * 
diverſified with long tracts of. prodigious high 
mountains and deep cavities. Some of her moun- 

tains, by comparing their height with her diameter 
(which is 2180 miles) are found to be three times 


higher than the higheſt hills on our Earth. Thi > ney 


ſurface 


ruggedneſs of the Moon's ſurface is of great uſe mountain- 


ous, 


to us, by reflecting the Sun's light to all ſides: for 
if the Moon were {ſmooth and poliſhed like a 
looking-glaſs, or covered with water, ſhe could 
never diſtribute the Sun's light all round; only in 
ſome poſitions ſhe would ſhew us his, image, no 
bigger than a point, but with ſuch a luſtre as 
would be hurtful to our eyes. 
233. The Moon's ſurface being ſo uneven, many 
have wondered why her edge appears not jagged, 
as well as the curve bounding the light and dark 
places. But if we conſider, that what we call the 
edge of the Moon's Diſc is not a ſingle line ſet why no 


round wich mountains, in which caſe it would ap- 9 


pear irregularly indented, but a large Zone having 
many mountains lying behind one another from 
the obſerver's eye, we ſhall find that the mountains 
in ſome rows will be oppoſite to the vales in others; 
and ſo fill up the inequalities as to make her ap- 
pear quite round: juſt as when one looks at an 
orange, although it's roughneſs be very diſcernible 

on the {ide next the eye, eſpecially if the Sun or a 
Candle ſhines obliquely on that fide, yet the line 
terminating , 


4 
3 


Of the Moon's Phaſes, 
| PLATE terminating the viſible part ſtill appears {mooth | 
and even. 

The Moon 254+ As the Sun can only +nlighten that half 
38 of the Earth which is at any moment turned to- 
wards him, and being withdrawn from the oppo- 
ſite half, leaves it in darkneſs; ſo he likewiſe doth 

to the Moon: only with this difference, that the 
Earth being ſurrounded by an Atmoſphere, and 
the Moon having none, we have twilight after the 
Sun ſets; but the Lunar inhabitants have an im- 
mediate tranſition from the brighteſt Sun-ſhine to 
Fig. 1. the blackeſt darkneſs, $ 177. For, let ir x wo be 
the Earth, and A, B, C, D, E, , G, H the Moon in 
eight different parts of her Orbit. As the Earth 
turns round it's Axis, from weſt to eaſt, hen any 
place comes to ? the twilight begins there, and 
when it revolves from thence to r the Sun S riſes; ; 
when the place comes to s the Sun ſets, and when 
it comes to w the twilight ends. But as the Moon 
turns round her Axis, which is only once a month, 
1 the moment that any point of her ſurface comes 
to 7 (fee the Moon at G) the Sun riſes there with- 
out any previous warning by twilight; and when 
the ſame point comes to s the Sun ſets, and that 
point goes into darkneſs as black as at midnight. 
The Moon's 255. The Moon being an opaque ſpherical body 
Phaſes, (for her hills take off no more from her roundneſs 
than the inequalities on the ſurface of an orange 
takes off from it's roundneſs) we can only ſee that 
art of the enlightened half of her which is towards 
the Earth. And Beese, ePrice the Moon is at 
A, in conjunction with the Sun &, her dark half 
is towards the Earth, and ſhe diſappears, as at a, 
there being no light on that half to render it viſi- 
ble. When ſhe comes to her firſt Octant at B, or 
has gone an eighth part of her Orbit from her 
Conjunction, a quarter of her enlightened fide is 
towards the Earth, and ſhe appears horned, as at 
3. When ſhe has gone a quarter of her Orbit 


1 from between the Earth and Sun to C, ſhe ſhews 
| 7 us 
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us one half of her enlightened fide, as at c, and we 

ſay, ſhe is a quarter old. At D ſhe is in her ſecond 
Octant, and by ſhewing us more of her enlight- 

ened fide ſhe appears gibbous, as at d. At E her 

whole enlightened ſide is towards the Earth, and 
therefore ſhe appears round, as at e, when we ſay, 

It is full Moon. In her third Octant at F, part 

of her dark ſide being towards the Earth, ſhe 

again appears gibbous, and is on the decreaſe, as 

at f. At Gwe ſee juſt one half of her enlightened 

ſide, and ſhe appears half decreaſed, or in her third 
Quarter, as at g. At H we only ſee a quarter of 

her enlightened fide, being in her fourth Octant, 

where ſhe appears horned, as at b. And at A. 

having compleated her courſe from the Sun to the 

Sun again, ſhe diſappears; and we ſay, it is New 
Moon. Thus, in going from A to E, the Moon 

ſeems continually to increaſe; and in going from 

E to A, to decreaſe in the ſame proportion; hav- 

ing like Phaſes at equal diſtances from A to E, 

but as ſeen from the Sun S, ſhe is always Full. 

236. The Moon appears not perfectly round The Moon's 
when ſhe is Full in the higheſt or loweit part of ad 
her Orbit, becauſe we have not a full view of her round when 
enlightened fide at that time. When Full in the On 
higheſt part of her Orbit, a ſmall deficiency ap- 

pears on her lower edge; and the contrary when 

Full in the loweſt part of her Orbit. 

257. It is plain by the Figure, that when the The Phaſes 
Moon changes to the Farth, the Earth appears Kian 
Full to the Moon; and vice verſa. For when the coatrary, * 
Moon is at A, New to the Earth, the whole en- 
lightened ſide of the Earth is towards the Moon: 
and when the Moon is at E, Full to the Earth, it's 
dark ſide is towards her. Hence a New Moon 
anſwers to a Full Earth, and a Full Moon to a 
New Earth. The Quarters are allo reverſed to 
each other. 5 5 
258. Between the third Quarter and Change, the a. _ 


Moon is frequently viſible in the forenoon, even menon, 
| 1 when 


L 


1776 . 55 Of the Moon's Phaſes. 
when the Sun ſhines; and then the affords us an 


what, 


' How the in- 


* 


opportunity of ſeeing a very agreeable appearance, 
wherever we find a globular (tone above the level 
of the eye, as ſuppoſe on the top of a gate. For, 
if the Sun ſhines on the ſtone, and we place our- 
ſelves ſo as the upper part of the ſtone may Juſt 
ſeem to touch the point of the Moon's lowermoſt 
horn, we ſhall then ſee the enlightened part of 
the ſtone exactly of the ſame ſhape with the Moon; 
horned as ſhe is, and inclined the ſame way to 
the Horizon. The reaſon is plain; for the Sun 
enlightens the ſtone the ſame way as he does the 
Moon: and both being Globes, when we put our- 


ſelves. into the above ſituation, the Moon and 


ſtone have the ſame poſition ro our eyes; and 
therefore we muſt ſee as much of the illuminated 
part of the one as of the other. 
The Non-  259- The poſition of the Moon's | Cuſps, or a 
sgefimal right line touching the points of her horns, is very 
be differently inclined to the Horizon at different 


ſhe ſtands, as it were, upright on her lower horn, 
and then ſuch a line is perpendicular to the Ho- 
rizon : when this happens, ſhe is in what the Aſtro- 
noͤmers call h ʒ, Nonage/imal Degree; which is the 
higheſt point of the Ecliptic above the Horizon 
at that time, and is 90 degrees from both ſides 
of the Horizon where it is then cut by the Ecliptic. 
But this never happens when the Moon is on the 


Meridian, except when ſhe is at the very begin- 


ning of Cancer or Capricorn. 

260. The inclination of that part of the Ecliptic 
clination of to the Horizon in which the Moon is at any time 
ar de when horned, may be known by the poſition of 


may be 
found by the her horns; for a right line touching their points 


pup 2 perpendicular to the Ecliptic. And as the 


the Moon's 
horas. angle which the Moon's Orbit makes with the 


Ecliptic can never raiſe her above, nor depreſs her 


100 below the Ecliptic, more than two minutes of a 


degree, & ſeen from the Sun; it can have no 
| 1 ſcnſible 


% 


hours of the ſame days of her age. Sometimes 
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ſenſible: effect upon the poſition of her horns. 
FT herefore, if a a e, be held up, fo as one 
of it's edges may leem to touch the Moon's horns, 
the graduated ſide being kept towards the eye, 
and as far from the eye as it can be conveniently 
held, the arc between the Plumb- line and that 
edge of the Quadrant which ſeems to touch the 
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Moon's horns will ſhew the inclination of that part 


of the Ecliptic to the Horizon. And the are be- 
tween the other edge of the Quadrant and Plumb- 
line will ſhew the inclination of a line, touching 
the Moon's horns, to the Horizon. 

261. The Moon generally appears as large as 
the Sun; for the Angle vk 4, under which the 
Moon is ſeen from the Earth, is the ſame with the 
Angle L&M, under which the Sun is ſeen from it. 
And therefore the Moon may hide the Sun's whole 
Diſc from us, as ſhe ſometimes does in ſolar 
Eclipſes. The reaſon why ſhe does not eclipſe 
the Sun at every Change ſhall be explained after- 
wards. If the Moon were farther from the Earth, 
as at a, ſhe would never hide the whole of the 
Sun from us; for then ſhe would appear under 
the Angle NEO, eclipſing only that part of the 
Sun which lies between N and O: were ſhe (till 
further from the Earth, as at A, ſhe would appear 
under the {mall angle 7 12 like a ſpot on the Sun, 
hiding only the part TY from our ſight. 

262. That the Moon turns round her Axis in 
the time-that ſhe. goes round her Orbir, is quite 
demonſtrable; for, a ſpectator at refit, without 
the periphery of the Moon's Orbit, would fee all * 
her ſides turned regularly towards him in that 
time. She turns round her Axis from any Star to 
the ſame Star again in 27 days 8 hours; from the 
Sun to the Sun again in 294+ days: the former is 
the length of her ſydereal day, and the latter the 


Fig. I. 
Why the 
Moon ap- 
pears as big 
as the Sun. 


A proof of 
the Moon's 
turnin 8 
round der 
Ax: 30 


length of her ſolar day. A body moving round 


the Sun would have a ſolar day in every revolution, 


without turning on it's Axis; the fame as if it 
N had 


* 


mm | An eaſy Way of repreſenting 


had kept all the while atTeſt, and the Sun moved 

round it: but without turning round it's Axis it 

could never have one ſydereal day, becauſe it would 

always keep the ſame fide towards any given Star, 

Her periodi. 263. If the Earth had no annual motion, the 
gun ged. Moon would go round it fo as to compleat a Lu- 
lution. Nation, a ſydereal, and a folar day, all in the ſame 
| time. But, becauſe the Earth goes forward in it's 
Orbit whil- the Moon goes round the Earth in 
her Orbir, the Moon mult go as much more than 
round her Orbit from Chanee to' Change in com- 
pleating a ſolar day, as the Earth has gone for- 
ward in it's Orbit during that time, i. e. ; almoſt: 


| WEN 4 5 of a Cirele. 


Seat _ The Moon' 8 Ne 110 ſynodical revo- 
repenſented. Iution may be familiarly repreſented by the mo- 
tions of the hour and minute hands of a watch 
round it's dial-plate, Which is divided into 12 
equal parts or hours, as the Ecliptic is divided into 
12 Signs, and the year into 12 months. Let us 
ſuppele theſe 12 hours to be 12 Signs, the hour- 


hand the Sun, and the minut=-nand the Moon; 


! go round once in a year, and 
the latter once in a month; but the Moon, or 
minute-hand, muſt go more than round from any 
point of the Circle where it was laſt conjoined with 


then the former will g 


A Table * || Conj. | CC.... ͤ nt 
ſewing the e — — 82 
tines ar % 5 27. 15 21, 495 
and minute 2 II 10 54 32 43 387 
hands of a 1 3d HI 10; 24.:49 5 27xx 
watch are in | 4 FL 20 49 5 27 16727 
conjunction. | FV 29" 1% af 19 345: 
6| VI 2 43 38 10 SAU. 
74 VIt 38 10 54 32 42 

| 8|VIIL 43. 38 5 54 32 5% 
| 5 9 IX 19 5 27 1 21 8 

. 10 X 54 32 43 38 1017 
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the Sun, or hout-haod, to overtake it again : for, 
the hour-hand being in motion, can never be over- 
taken by the minute: hand at thar point from which 
they ſtarted at their laſt Ii h The firſt 


cock of the preceding Table ſhews the number 
of conjunctions which the hour and minute-hand 5 
make whilſt the hour-hand goes once round the 
dial-plate; and the other ani ſhew the times 
when the two hands meet at each conjunction. 
Thus, ſuppoſe the two hands to be in conjunction 
at XII, as they always are; then, at the firlt fol- 
lowing conjunction it is 3 minutes 27 ſeconds 16 
thirds 21 fourths 49 ff fifths paſt I, Where they 
meet; at the ſecond conjunction it is 10 minutes 
54 ſeconds 32 thirds 43 fourths 38. Er fifths paſt II; 
and ſo on. This, though an ealy illuſtration of 
the motions of the Sun and Moon, is not precile 
as to the times of their conjunctions; becauſe, 
While the Sun goes round the Ecliptic, the Moon 
makes 124 conjunctions with him; but the minute- 
hand of a watch or clock makes only 11 conjunc- 
tions with the hour-hand in one period round the 
dial- plate. But if, inſtead of the common wheel- 
work at the back of the dial- plate, the Axis of the' 
minute-hand had a pinion of 6 leaves turning a 
wheel of 74, and this laſt turning the hour-hand, 
in every revolution it makes round the dial-plate, 
the minute-hand would make 124 conjunctions 
with it; and fo would be a pretty device for ſhew- 
Ing the motions of the Sun * Moon; eſpecially, 
as the ſloweſt moving hand might have a little 
Sun fixed on it's point, and the quickeſt a little 
Moon. 


265. If the Farth had no aha: motion, the The Moon's 
motion 


Moon's motion rouad the Earth, and her track in 3 


open ſpace, would be always the ſame “. Bo ar bene 
dei 10 d. 
* In this place, we may conſider the Orbits r Ahe 
Satellites as circular, with reſpect to their primary Planets ; 
becauſe the excentricities of their Orbits are tbo {mall to affect 


the Phenomena here deſcribed. 
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I Moon's real path in the Heavens is very; different 


from her viſible path round the Earth: the latter 
| being in a progreſſive Circle, and the former in 
a curve of different degrees of concavity, which 
would always be the ſame in the ſame parts of the | 
Heavens, if the Moon performed a. compleat | 
number of Lunations in a year without any 
fraction. 
Anideaof 266. Let a nail in the end of the axle of a cha- 
bath and the Tĩot · Wheel repreſent the Earth, and a pin in the 
Moon's. nave the Moon; if the body 1 the chariot be 
propped up ſo as to keep that wheel from touch- 
ing the ground, and the wheel be then turned 
round by hand, the pin will deſcribe a Circle both 
round the nail and in the ſpace it moves through. 
Bur if the props be taken away, the horſes put to, 
and the chariot driven over a piece of ground 
which 1s circularly convex ; the nail in the axle 
will deſcribe a circular curve, and the pin in the 
ill ſtill deſcribe a circle round the progreſ- 
ail in the axle, but not in the ſpace through 


PLATE as the Earth and Moon move round th Sun, & | . 


by the nail will reſemble in miniature as much of 
the Earth's annual path round the Sun, as it de- 
ſcribes whilſt the Moon goes as often round the 
Earth as the pin does round the nail: and the 
curve deſcribed by the nail will have ſome reſem- 
blance of the Moon's path during ſo many Luna- 
tions. 
Let us now ſuppoſe chat the radius of the cir- 
eular curve deſcribed by the nail in the axle is to 
the radius of the circle which the pin in the nave 
deſcribes round the axle as 337+ to 1; which is 
the proportion of-the- radius or ſemidiameter of the 
| Earth's Orbit to that of the Moon's; or of the 
Fig. Il. Circular curve 4 1 2-34 5 6 7 B, &c. to the little 
circle 4, and then, whilſt the progreſſive nail de- 
ſcribes the ſaid curve from A to E, the pin will go 
once round the nail with regard to the center of 


7 


is 


it moves. In this caſe, the curve deſcribed 
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it's path, and in ſo doing, will deſcribe the curve PLATE | 
abcde, The former will be a true repreſentation . il 
of the Earth's path for one Lunation, and the = I 
latter of the Moon's for that time. Here we may | 
ſer aſide the inequalities of the Moon's motion, 
and alſo the Earth's moving round it's common 1 
center of gravity and the Moon's: all which, if [yl 
they were truly copied in this experiment, would — 
not ſenfibly. alter the figure of the paths deſcribed _ #8 
by the nail and pin, even though they ſhould rub 
againſt. a plain upright ſurface all the way, and wi 
leave their tracks viſible upon it. And if the 4 
cChariot was driven forward on ſuch a conyex piece 
of oround, ſo as to turn the wheel ſeveral times 1 
round, the track of the pin in the nave would ſtil! — 
be concave toward the center of the circular curve | iN 
deſcribed by the pin in the axle; as the Moon's =_ 
path is always concave to the Sun in the center of | T8 
the Earth's annual Orbit, | wu 
In this Diagram, the thickeſt curve og ABCDE, 41 
with the numeral figures ſer to it, repreſents as | WM 
much of the Earth's annual Orbit as it deſcribes 
in 32 days from weſt to eaſt; the little circles at 
a, ö, c, d, e, ſhew the Moon's Ordit in due propor- 
tion to the Earth's; and the ſmalleſt curve a ůcd ef | 
repreſents the line of the Moon's path in the Hea- "n 
vens for 32 days, accounted from any particular | 1 
New Moon at 32. The Machine, Fig. 5th, is for „ 
delineating the Moon's path, and ſhall be deſcribed, x 
with the reſt of my Aſtronomical machinery, in 1 
the laſt Cha Fr The Sun is ſuppoſed to be in yn 
the center of the curve A 1 2 345 67 B &c. and 9 
the ſmall dotted circles upon it repreſent the Proportion | 


Moon's Orbit, of which the radius is in the ſame ee vl 
proportion to the Earth's path in this ſcheme, that bit tothe 1 
the radius of the Moon's Orbit in the Heavens? il 
bears to the radius of the Earth's annual parh F 9 
round the Sun; that is, as 240,000, to 81,000,000, | | nl. 
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2 4 
TLATE When the Earth is at 4. the New Moon, is at a; 
"vi. and im the ſeven days that the Earth delcribes the 
pig l. curve 1234 567, the Moon in accompanying 


the Earth deſcribes the curve a %; and is in her 

' firſt Quarter at 4 when the Earth i 15 at B. As the 
Earth deſcribes the curve B 891011 12 13 14, 
= Moon deſcribes the curve 5 0 and 1 Vat c, 
öbte to the Sun, when the Earth 1s, at C. 
Wbt the Earth deſcribes the curve C18 76 17 
18 19 20 21 22, the Moon deſcribes the . cd; 
and is in her third Quarter at 4 when the Earth is 
at D. And laſtly, Wi kt the Earth deſcribes the 
curve D 23 2423 26 27 28 29, the Moon deferihes 
the curve de; and is again | in conjunction at e with 
the Sun when the Earth is at E, between the 29th 
and zoth day of the Moon's age, accounted by 
the numeral Figures from the New Moon at 4. 
In deſeribing the curve ab c de, the Moon goes 
round the progreff ve Earth as really as if ſhe had 
kept in the doited, Circle A, and the Earth con- 
tinued immoveable in the center of that Circle. bs 
The Moon's ” Aid thus we ſee, that although the Moon goes 
ge 67 round the Earth in a Circle, with reſpect to the 
cave tous ds Harth's center, her real path in the Heavens is not 
* very. different in appearance from the Earth's path. 
To ſhew/ that the Moon's path is concave to the 

Sus, even at the time of Change, it 18 carried on 

A little farther into a ſecond” Lunation, as tO. 
26% The Moon's abſolute motion from. ber 

Change to her firſt Quarter, or from 4 to b, is ſo 

much flower than the Earth's, that ſhe falls 240 
thouſand miles (equal to the ſemidiameter of her 

Orbit) behind the Earth at her firſt Quarter in 7, 

© when the Earch is in g; that is, ſhe falls ba k a 

50 et W ual to her diſtance from the Earth. From 

- that Abe her motion is gradually accelerated to 

ros her ber Oppoſition or Full at c, and then ſhe is come 
_ up as far as the Earth, having regained. what ſhe 
retarded and lofk in her ffrſt Quarter from a to. " "bas From, the 
ac-olermed. F ull to Fhe laſt Quarter at 4 her motion continues 
| | accelerated, 
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at d, as ſhe was behind it at her firſt Quarter in 
hb. But, from d to e her motion is retarded; ſo, 
that ſhe loſes; as much with reſpect to the Park 
as is equal, to. her. diſtance. from it, or to the ſemi- 
diameter of her Orbit; and by that means ſhe 
comes to e, and is then in conjunction with the 
Sun as ſeen from the Earth at E. Hence we find, 
chat the Moon's, abſolute. motion is. ſlower than 
the Earth's, from her third Quarter to her firſt 
and ſwifter than the Earth's from her firſt Quar ter 
to her third: her path being leis curved than the 
| Farth's in the former caſe, and more in the latter. 
Yet it is till bent the ſame. Way towards the Sun; 
or if we imagine the concavity of the Earth's 


| Orbic 10. be meaſured by the length of : 2 perpen- 


dicular line C g, let down from the Earth's place 
upon the: ſtraight, line bg d at the Full of the 
Moon, and connecting the places of the Earth at 
| the end of the Moon's. firſt and third Quarters, 
| that length will be about 640 thouſand miles; and 
the Moon when New only approaching nearer. to 
the Sun by 240 thouſand miles than the Earth: is, 
the length of the perpendicular let down from her 
place at that time upon. the ſame ſtraight line, and 


1 which ſhews the concavity of that part of her Falk 
| | will be about 400 thouſand miles. . 


268. The Moon's path being concave to the a aer 
Sun throughout, . demonſtrates That her gravity wmores. 
towards the Sun, at her Conjunction, exceeds her 

gravity towards the Earth. And if we conſider 

that the quantity of matter in the Sun is. almoſt 

230 thouſand times as great as the quantity of 

matter in the Earth, and that the attraction of each 

body diminiſhes as the ſquare of the diſtance from 


it increaſes, we ſhall ſoon, find, that the point of 


equal attract ion between the Earth and the Sun, 
is about 70 thouſand miles nearer the. Earth than 


the Moon! is at her Change. It may then appęar 
N-4 ſarprifing 
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The Reaſon why the Moon does not 
ſur prifing. that the Moon does not abandon the 


Earth when ſhe is between i it and the Sun, becauſe 


ſhe is conſiderably more attracted by the Sun than 
by the Earth at tbat time. But this difficulty 


- vaniſhes when we confider, that a common impulſe 


on any ſyſtem of bodies affects not their relative 
motions; but that they will continue to attract, 
impel, or eirculate round one another, in the ſame 
manner as if there was no fuch impulſe. The 
Moon is ſo near the Earth, and both of them ſo 
far from the Sun, that the attractive power of the 
Sun may be conſidered as equal on both: and 
therefore the Moon will continue to circulate 1 . 
the Earth in the fame” manner as if the Sun di 

not attract them at all: like bodies in the cabbin of 
a ſhip, which may move round or impel one another 
in the ſame manner when the thip is under fail, 

as when it is at reſt; becauſe they are all equally 
affected by the common motion of the ſhip. If 


by any other cauſe, ſuch as the near approach of 


4 Comet,” the Moon's diſtance from the Earth 
ſhould happen to be ſo much increaſed, that the 
difference of their gravitating forces towards the 


Sun ſhould exceed that of the Moon towards the 
Earth; in that caſe the Moon, when in conjunc- 


tion, would abandon the Earth, and be either 
drawn into the N or Comet, or circulate round 
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PY 265 The curves Wich "REN Satellites ge- 


CY ſcribe, are all of different ſorts from the pat ath 


Fig; U!, 


deſcribed by our Moon, although theſe Satellites 


go round Jupiter, as the Moon goes round the 


Earth. Let ABCD E &c. be as much of Jupi- 


ter's Orbit as he deſcribes in 18 days from A to T; 


and the curves a, b, c, d will be the paths of his four 


Moons Soing round him 1 in his progreſſive n motion. 


No let us fuppoſe all theſe Moons tofet out frm 


5 en with the Sup, as ſeen from Jupiter 


al 


abandon the Earth at the Time of her Change. 18; 


at A; then, his firſt or neareſt Moon will be at'a, PLATE' 
his. ſecond at 5, his third at c, and his fourth at 4. E 
At the end of 24 terreſtrial hours after this con- lute Path of 
junction, Ju 
Or Satellite has deſcribed” the curve 4 1, his ſecond __ deline- 
the curve & 1, his third c 1, and his fourth 4 1. 
The next day, when Jupiter is at C, his firſt Satel- 

lite has deſcribed the curve a 2, from it's conjunc- 

tion, his ſecond the curve 5 2, his third the curve 
25 and his fourth the curve d 2, and ſo on. The 
numeral Figures under the capital letters ſhew 
Jupiter's place in his path every day for 18 days, 
accounted from A to 7; and the like Figures ſet 

to the paths of his Satellites, ſhew where they are 

at the like times. The firſt Satellite, almoſt under 

C, is ſtationary at I as ſeen from the Sun; and 
retrograde from I to 2: at 2 it appears ſtationary 
again, and thence it moves forward until it has 

paſt 3, and is twice ſtationary, and once retro- 
grade between 3 and 4. The path of this Satel-: 

ite interſects itſelf every 422 hours, making ſuch 
loops as in the Diagram at 2. 3. 5: 7. 9. 10. 12. 

14. 16. 18, a little after every Conjunction. The 
ſecond Satellite 2, moving ſlower, barely croſſes it's 

path every 3 days 13 hours; as at 4. 7. 11. 14. 18, 
making only five loops and as many conjunctions 

in the time that the firſt makes ten. The third 

_ Satellite c moving ſtill lower, and having deſcribed 

the curve c 1. 2. 3. 4. 5. 6. 7, comes to an angle 

at 7 in conjunction with the Sun at the end of 7 * 
days four hours; and ſo goes on to deſcribe wen 
another curve 7. 8. 9. 10. 11. 12. 13. 14, and is 

at 14 in it's next conjunction. The fourth Satel- 

lite d is always progreſſive, making neither loops 

nor angles in the Heavens; but comes to it's next 
conjunction at e between the numeral figures 16 

and 17, or in 16 days 18 hours. In order to have 

a tolerably good figure of the paths of theſe Satel- 

Res T ! took the FOO method. | 


| | Having 


has moved to B, his firſt Moon Jp WY”. 
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Je Reaſon why the\ Naon does not, &. 


PLATE: Having drawn their Orbits on a Card, in e 
. portion to their relatiye diſtances from Jupiter, 
meaſured the: radius of the Orbit of the; fourth S 
Satellite, which was an inch and e parts of an | 
inch; then multiplied this by 324 for the radius 
of Jupiter's Orbit, becauſe Jupiter is 424 times as? 
far from the Sun's center as His faurth Satellite is 
ftom his center and then product thence ariſiog 
pow n. Was 48 3 inches. Then taking a ſmall arch of 
pathsof Ju- this length, and fixing one end of it to the floor 
— long room by a nail, with a black -Iead pencil 
at the ther end I drew the curve An &c. and 
beo a degreg and a half thereon, from A to ＋ 5 
becauſe Jupiter moves. only ſo much, whilſt his 
outermoſt Satellite goes once round him, and 
ſome what more; ſo that chis-ſmall portion of ſo 
large a circle differs but very little from a ſtraight 
line his, done, I divided: the ſpace A into 18 
equal parts, a5 4 B, 5 C, &c. for the daily pro- 
arefs of Jupiter; and each part into 24 for his 
hourly: progreſß. The Orbit of each Satellite was 
alſo diyided into as many equal parts as the Satel - 
tte is hours in finiſhing it's Ho dinal period raund 
Jupiter Then drawing a right line through the 
center of the Card, as a diameter to all the four 
Orbits upon it, I put the card upon the line of 
IJupiter's motion, and transferred it to every horary 
diviGon-thereon, keeping, always the ſaid diameter - 
lige an che line of Jupiter's path; and running a 
* pin through each horary diviſion in the Orbit of 
5 Satellite as the card was gradually transferred: 
along the line 4 BCD &e. of Jupiter's motion, I 
marked points for every hour through the Card 
for the Curves deſcribed- by the Satellites, as the 
primary Planet in the center of the Card was car- 
Tied - forward: on the line; and ſo finiſned the 
| Ew by drawing the lines of each Satellite's 
motion: though thole · (almoſt innumerable) points: 
by which means, this is perhaps as true a: Figure: 
of — of thele Satellites as can be deſired. 


And 
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Tb Paths of. Jupiters »» l 
And. in the fame manner might thoſe of Sarura's And Sa- 


atellites be delineated- 7 2 Ik 

270. It appears by the ſcheme, thay che three VII. 
| firſt Satellites. come almoſt 1 into the ſame line 6 
Fe every ſevench day; the firſt. being only a Jopier's 
itrle behind with the ſecond, and the fecand' ber . 
hind with che. third. But the period of the faurt 
Sacellice, i 18 o incommenſurate to the periods o 
the other three, that it cannot be gueſſed : at by. 
the diagram when! it would: fall again igte a line 
3 conjunction with them, between Jupiter and 

Sun, Ac no wonder; for fuppofing rem ell 

have been once in conjunction; ie will require 
; 870433 493,260. 2 i. bring them | op 
Jupction again. See 8 7 — 

144.69 In Fig, 4th. e mae fe 153 5 olg. Wo 
the Obits of Saturn? 8 five Satellites, and of Ju- i moos 
PREF® four, to one another, to our gon” . bat eee 
and 0 the Diſc 5 the Sun. 


the Orbirg of his os ens Hieb it 478 
that the Sun would much more than fill the whale 
Orbit of the Moon; for the Sun's diameter is 
563, o miles, and the diameter ef 8 
Orbit only 4 9,099. In. proportion to all theſe 
Orbits of t e Satellites, the radius of Saturn's 
annual Orbit would be 214 yards, of 13 
Orbit i, and of the Earth's 245 taking them in 
round nülnbere. . . | 
272. The annexed table ſhews at once what 
proportion the Orbits, Revolutions, and Veloci- 
ties of all the Satellites bear to thoſe of their 
primary Planets, and what fort of curves the ſeveral 
Satellites deſcribe. For, thoſe Satellites whoſe ve- 
locities round their Primaries are greater than the 
| velocities of their Primaries in open ſpace, make 
| loops at their conjunctions, & 269; appearing re- 
trograde as ſeen from the Sun whilſt they deſcribe 
| the inferior parts of their Orbits, and direct whilſt 


„„ they 
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2 ext $" 4 they ende the ſuperior! This is the caſe with 
. - Jup iter's firſt and ſecond Satellites, and with Sa- 
turn's firſt. But thoſe Satellites, whole velocities 
are leſs than the velocities of their primary Planets, 

move direct in their whole eircumvelutions ; which 
is the caſe of the third and fourth Satellites of Ju- 
piter, and of the ſecond, third, fourth, and fifth 
Satellites of Saturn, as well as of Ohr Satellite the 
Moon: But the Moon is the only Satellite whoſe 
motion is always concave b r Sun.“ "There | is a 
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table of OY "BY in De la Call- $ Ad but 

it is very different from the above, which I have 
computed from our Engliſh accounts of the periods 
anc diſtances of theſe Planets and e 
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2 1 Phenomena of the Haroft-Moon „ 5 4 
common Globe: The years in which the Harveſt- 
Moons are leaſt and moſt beneficial from 1751,' to 
1861. The long duration _ Ae at the 
_ Poles in Winter, TOE Hee Hoax 
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| 27 3. 1 is generally believed that the Moon riſes xo Bass- 
about 30 minutes later every day than on pt 
; | the preceding; but this is true only with regard 
to places on the Equator. In places of conſider- 
able Latitude there is a remarkable difference, 
ö | eſpecially i in the harveſt time, with which Farmers 
| were better acquainted than Aſtronomers till of 
late; and gratefully aſcribed the early riſing of the 
| Full Moon at that time of the year to the good- 
| neſs of God, not doubting that he had ordered it 

ſo on purpoſe to give them an immediate ſupply 
of Moon- light after ſun-ſer. for their greater con- 
veniency in reaping the fruits of the Earth. 

In this inſtance of the Harveſt- Moon, as in many 
| others diſcoverable by Aſtronomy, the wiſdom and 
| beneficence of the Deity is conſpicuous, who really 
| ordered the courſe of the Moon ſo, as to beſtow 
| more or leſs light on all parts of the Earth as their 

| ſeveral circumſtances and feaſons render it more 

or leſs ſerviceable, About the Equator, where 
: ** is no variety of ſeaſons, and the weather 
| | changes ſeldom, and at ſtated times, Moon-light 
| is not neceſſary for gathering in the produce of 
. | the ground; and there the Moon riſes about 30 
| minutes later every day or night than on the for- 
| mer. In conſiderable diſtances from the Equator, 

Were the weather and ſeaſons are more uncertain, 

the autumnal Full Moons riſe very ſoon after 925 
„„ papa Baalg of a; (2037 O or 


. nb * as wo 2 * DNN 
rr — 2 ——— 
a Boe Duc. Ce + — * - 
— r 


> 
. 
2 
ol 
3 


| Butremark: ſet for ſeveral evenings together. Ar the polar 


— (9 0 eter, 2 
* hy ** HO Sr e——_— 


Of #be\Haroet=Mobn. 


able accord- circles, where the mild ſeaſon is of very ſhort 
eos duration, the autumnal Full Moan riſes at ſun-ſer 
places from from the firſt to rhe-third quarter. And ac the 
Poles, where the Sun is for half a year abſent, the 
winter Full Moons ſhine conſtantly without letting 
from the firkt to the third quarter. 
The reaſon It 18. Jof dard that all theſe Phenömena are 
ef ths, o wing to the different Angles mate. by the Hori- 
| -zon and different parts of the Moon's Orbit; and 
that the Moon can be full but once or twice in a 
H — — in thoſe © parts of her Orbit which riſe with the 
5 Angle But to explain this ſubject” intel- 
de muſt dwell much longer upon it. 
274. The“ plane of the Equinoctiaf 1 is perpen- 
Aar to the Fatth's Axis: and therefore, as the 
Farth turns round it's Axis, all parts of the Equi- 
Roctial make equal Angles with the Horizon both 
at rifing and ſetting 3 10 that equal portions of ĩt 
always Fiſe or ſet in ** times. Conſequently, if 
the Mocn's motion were equable, and in the Equi- 
noctial, at the rate of 12 degrees 11 min. fromthe Sun 
every day, as it is in her Orbit, ſhe would riſe and 
ſer 50 minutes later every day than on the preced- 
zug: for 12 deg. 11 min. of the Equinoctial riſe 
of 45 50 minutes of time in all Latitudes. 
| But the Moon's metion is ſo nearly in the 
| Fel e, that we may conſider her at preſent as 
moving in it. Now the different parts of the 
Fetpric, on account of it's obliquity to the Earth's 
Axis, make very different Angles with the Hoti- 
Zön as they riſe or fer. Thoſe parts or Signs which 
Hſe with the ſmalleſt Angles ſer with the greateſt, 
und vice befſdl. In equal times, whenever this 
Angle is leaft, a greater portion of the Ecliptic 
riſes than when the Angle is larger; as may be 
ſet by elevating the pote of a Globe to any con- 


*Ifa Globe be cut quite chrough upon any Circle; the flat 
ſurface” where it is ſo divided, is the plane of that Circle. 
i ”  fiderable 
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ſiderable Latitude, and then turning it round it's P 


Axis in the Horizon. Conſequently, when the 
Moon is in thoſe Signs which riſe or ſet with the 
ſmalleſt Angles, ſhe- riſes or ſets with the leaſt dif- 
ference of time; and with the greateſt difference 


191 


LATE 
III. 


in thoſe Signs which riſe or ſet with * Segel Fig Ihe. 


Angles. 


But; becauſe all who reg chis Teoutifo: may not 2 | 


be provided with Globes, though in this caſe it is 
8 ro know how to uſe them, we ſhall ſub- 
ſtitute the Figure of a globe; in which FUP is 
the Axis, es T N the Tropic of Cancer, Lt w 
the Tropic of Capricorn, s EU αð the Ecliptic 
touching both the Tropics, which are 47 degrees 
from each other, and AB the Horizon. The 
Equator, being in the middle between the Tro- 
pics, is cut by the Ecliptic in two oppoſite points, 
Which are the beginaings of Y Aries and + Libra, 
K is the Hour: circle with it's Index, F the North 
Pole of the Globe elevated to a conſiderable Lati- 
tude, ; ſuppoſe 40 degrees above the Horizon; and 
P the 

Becauſe of the oblique poſition of the Sphere in 


outh Pole depreſſed as much below it. Fig. 11, 


this: Latitude, the: Ecliptic has the high elevation 2 gige. 


N above the Horizon, making 
NU of 73 degrees with it when a Cancer is 
on the Meridian, at which time & Libra riſes in 
the Eaſt. But let the Globe be turned half round 
it's Axis, till Y Caprieorn comes to the Meridian 
and ꝙ Aries. riſes in the Eaſt, and then the Eclip- 
tic will have the low elevation N L above he 
Horizon, making onhy an Angle NVL of 26 
degrets with it; which is 47 degrees leſs than the 
former Angle, equal to the diſtance between the 
Tropics-. 

2076. In northern Litivudes, the ſmalleſt Angle 


the Angle rent Angles 
made by the 
Eciiptic and 
Horizon. 


made by the Ecliptic' and Horizon is when Aries 1 ,.q 


.riſes, at which time Libra ſets : 
Libra riſes, at which time. Aries ſets. From the 
riſing of Aries to __ Tiling of, Libra (which is 

9 twelte 


- 4 


the greateſt when seed, 


VV hen. 
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twelve * Sydereal hours) the angle increaſes; and 

Ps, . i rh ; * * 

from the riſing of Libra to the riſing of Aries it 

1 a decreaſes in the ſame proportion. By this article 
and the preceding, it appears that the Ecliptic riſes 
[ faſteſt about Aries, and ſloweſt about Libra. 
fi Refultofthe 277. On the Parallel of London, as much of 

. quantity the Ecliptic rifes about : 291 

F is Angle f 8 Wo — — — 5 
if at London. Piſces and Aries In two | &| Riſing Setting | 
. hours as the Moon goes |S|2 & Diff. Diff. | 
ſi through in fix. days: and 32 3 a mia M. 
{ therefore:2iwhilft : the. 
I! Moon is in theſe Signs, ies 13] 1 5 0 50 
ſhe differs but two hours 2 26] 1 10] ©. 43 
i in riſing for fix days to- 3 K 1% 3 14] ©. 37] 
[ oe retard obus LM 23 1 FO 32 
. | minutes later every day 5 191 15] 0 24 
or night than on the pre- 7] 21 15] o 20 
[1 ceding, at a mean rate. 235 2-15] 18 
| = 200 e 9 28 1 17 
| But in 'fourteen days 16 m 12 1 15] o 22 
1 afterwards, the Moon i 25] 1 14} © 30 
N - comes to Virgo and Li- 12 f 81 12] © 39 
Ii | 4 : 13 21 1 Ch, O 47 
| bra, which are the op- 11 al HORNS - wo 
poſite Signs to Piſces and |, 5 17 0 460 1 5 

Aries; and then ſhe 16 1 0 qe. 1 8 

l differs almoſt four times 13 Pe 

$64, "ER : 1 5 
4s much in riſing; name ein 296-6 3&3 1-16 

| ly, one hour and about 20 237 17 
[1 | fifteen minutes later 21 W 7 o, 17] 1: 16 

C every day or night than 22 8 n: 20 : | 15 
| the former, whilſt ſhe 14 | 18 0 44 1 fe 

I | js in theſe Signs. The 25 ay 29 5 30 14 

= annexed Table ſhews 26 1 13] © 40 1 13] 
0 tte daily mean differ- 2% % f „ 1 38 
| ence - of the Moon's * | 22 * fy , 

8 * The Ecliptic, together with the fixed Stars, make 366; 
| : appareat diurnal revolutions about the Earth in a, year; the 
[ þ Vun only 3655, Therefore the Stars gain 3 minutes 56 ſeconds 

F | upon the Sun every day; ſo that a Sydereal day contains only 

| 23 hours 56 minutes of mean Solar time; and a natural or 


Salar day 24 hours. Hence 12 Sydereal hours are 1 minute 
58 ſeconds ſhorter than 12 Solar. Ws 
riſing 
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28 days; in which time the Moon finiſhes her 
period round the Ecliptic, and gets g degrees into 
che ſame Sign from the beginning of which ſhe 


the Moon is in * ing 2 ſhe riſes an hour and a 
quarter later every day than fhe roſe on the for- 
mer; and differs only 28, 24; 20, 18 or 17 minutes 
in ſetting. But, when the comes to X and , 
ſhe is only 20 or 17 minutes later in riling; and 
an — and a quarter later in ſetting. 


Sabie ſmall patches on the Ecliptic of a Globe, 
as far from one another as the Moon moves from 
any Point of the celeſtial Ecliptic in 24 hours, 
which at a mean rate is 135 degrees; and then 
in turning the Globe round, obſerve the riſing and 
ſetting of Fthe patches in the Horizon, as the Index 
points out the different times in the hour-circle. 
A few of theſe patches are repreſented by dots at 


tion LU when Aries riſes in the Eaſt; and by 
the dots © 1 2 3 &c. when Libra riſes in the Eaſt, 
at which time the Ecliptic has the poſition EU vs : 
making an angle of 62 degrees with the Horizon 
in the latter caſe, and an angle of no more than 15 
degrees with it in the former ; ſuppoſing the Globe 
welißed ro the Latitude of London. | 

279. Having rectified the Globe, turn it until 
the patch at o, about the beginning of *. Piſces in 
the half LU T of the Ecliptic, comes to the Eaſtern 
ide of the Horizon; and then keeping the bail 


hour may perhaps be more eaſily remembered than 
10 other. Then, turn the Globe round weſt⸗ 


* The Sun lm amel a as in the Ecliptic i in 24 
hours, the ſame way that the Moon moves: and therefore, the 
Moon by advancing 134 degrees in that time goes little more 
than 12 degrees farther from the Sun than ſhe was on the day 


be fore. 
O ward, 


riſing ad ſetting on the P arallel of Kae for PLATE III. 


ſer out. So it appears by the Table, that when 


. All theſe things will be made plain by 


012 3 &c. on the Ecliptic, which has the poſi- Fig. ut. 


ſteady, ſet the hour- index to XII, becauſe Hat 
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Of the Harveſt: Moon. 
ward, and in that time, ſuppoſe the patch o to 


have moved thence to 1, 134 degrees, whilſt the 


Earth turns once round it's Axis, and you will ſee 
that 1 riſes only about 20 minutes later than o did 
on the day before. Turn the Globe round again, 
and in that time ſuppoſe the ſame patch to have 
moved from 1 to 2; and it will riſe. only 20 
minutes later by the hour · index than it did at t on 


the day or turn before. At the end of the next 


turn, ſuppoſe the patch to have gone from 2 to 3 


at U, and it will riſe 20 minutes later than it did 


at 2. And ſo on for fix turns, in which time there 


will ſcarce be two hours difference: nor would 


there have been ſo much if the 6 degrees of the 
Sun's motion in that time had been allowed for. 


At the firſt Turn the patch riſes ſouth of the Eaſt, 
at the middle Turn du-: Eaſt, and at the laſt Turn 


north of the Eaſt. But theſe patches will be 9 
hours of ſetting on the weſtern ſide of the Hori- 
zon, which ſhews that the Moon will be ſo much 
later of ſetting in that week in which ſhe moves 
through theſe two Signs. The cauſe of this dif- 
ference is evident; for 3 and Aries make only 
an Angle of 15 degrees with the Horizon when 
they riſe; but they make an Angle of 62 degrees 
wich it when chey ſet. As the Signs Taurus, "Ge- 
mini, Cancer, Leo, Virgo, and Libra, riſe ſuc- 
cem vely, the Angle increaſes gradually which they 
make with the, Horizon; and decreaſes in the ſame 
ane as they ſet, And for that reaſon, the 
oon differs gradually more in the time of her 
riſing every day whilit ſhe is in theſe Signs, and 
leſs in her ſetting: after which, through the other 
ſix Signs, viz, Scorpio, Sagittary, Capricorn, Aqua- 
rius, Piſces, and Aries, the riſing difference be- 
comes leſs every day, until it be at the leaſt of all, 
namely, in Piſces and Arie. 8 
280. The Moon goes round the Ecliptic | in 27 


a days 8 hours; but not from Change to Change in 


les than 29 ah 42 . ſo that ſhe is in _ 
an 
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& 


ſome Lunations twice, _ _ „ 
28281. If the Earth had no annual motion, the 
Sun would never appear to ſhift his place in the 
Ecliptic. And then every Ney Moon would fall 
in the ſame ſign and degree of the Ecliptic, and 
every full Moon in the oppoſite: for the Moon 
would go preciſely round the Ecliptic from Change 


and Aries at leaſt once in every Lunation, and in 
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Why the 
Moon is al- 
ways Full in 
different 
Signs. 


to Change. So that if the Moon was once Full 


in Piſces or Aries, ſhe would always be Full when 
ſhe came round to the ſame Sign and Degree 
again. And as the Full Moon riſes at Sun-ler 
(becauſe when any point of the Eclipric ſets, the 
oppoſite point riſes) ſne would conſtantly riſe within 
two hours of Sun-ſet, on the parallel of London, 
during the week in which ſhe were Full. But in 


the time that the Moon goes round the Ecliptic 


from any conjunction or oppoſition, the Earth goes 
almoſt a Sign forward; and therefore the Sun will 
ſeem to go as far forward in that time, namely, 
27 ͤ degrees; ſo that the Moon muſt go 27+, de- 
grees more than round, and as much farther as the 
Sun advances in that interval, which is 22 de- 


grees, before ſhe can be in conjunction with, or 


oppoſite to, the Sun again. Hence it is evident, 
that there can be but one conjunction or oppoſition 
of the Sun and Moon in a year in any particular 
part of the Ecliptic, This may be familiarly ex- 
emplified by the hour and minute hands of a 
watch, which are never in conjunction os oppoſition 
in that part of the dial - plate where they were ſo 
laſt before. And indeed if we compare the twelve 
hours on the dial- plate to the twelve ſigns of the 
Ecliptic, the .hour-hand to the Sun and the 
minute-hand to the Moon, we ſhall have a tolera- 
bly near reſemblance in miniature to the motions 
of our great celeſtial Luminaries. The only dif- 
terence Is, that whilſt;the Sun goes once round the 
Ecliptic, the Moon makes 124 conjunctions with 
him ; but whilſt the hour-hand goes round the 
0 | O 2 ; dial. 


Her periodi - 
cal and ſy- 

nodical Re- 
volution ex-. 


emplificd, 
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"Harveſt. 


| dial-plate; his) anna NE only 11 con- 

junctions with it; becauſe the minute-hand moves 

flower in. reſpect to the hour-hand chan the Moon 
14 does with regard to the Sun. 
'TheHarveſt 28 2. As the Moon can never "IR full bur which 
OE | the is oppoſite to the Sun, and the Sun is never 
in Virgo and Libra but in our autumnal months, 
it is plain that the Moon is never full in the oppo- 
ſite Signs, Piſces and Aries, but in theſe two 
months. And therefore we can have only two 
Full Moons in the year, which riſe fo near the 
time of 'Sun-ſet for a week together, as above- 
mentioned. The former of theſe is called the 


Harveſt Moon, and the latter the Hunters Moon. 


| Wy the © 283. Here it will probably be aſked, why we 


1 dung Never obſerve this remarkable riſing of che Moon 
= never per. but in harveſt, ſeeing ſhe is in Piſces and Aries 
ceived but in twelve times in the year beſides; and muſt then 
riſe with as little difference of time as in harveſt ? 
The anſwer is plain: for in winter theſe Signs riſe 
at noon; and being then only a Quarter of a Circle 
diſtant from the Sun, the Moon in them is in her 
firſt Quarter: but when the Sun is above the 
Horizon, the Moon's riſing is neither regarded 
Hor perceived. In ſpring theſe Signs riſe with the 
Sub, becauſe heis then in them; and as the Moon 
changeth ia them at that time of the year, ſhe is 
_quite-inviſible. In ſummer they riſe about mid- 
night, and the Sun being then three Signs, or a 
Quarter of a. Circle before them, the Moon is in 
them ahqut her third Quarter; when riſing ſo late, 
and giving but. very little light, ber rifing paſſes 
unopſerved. Andi in autumn, theſe Signs being 
oppoſit alke co he, 8 Sun, riſe When he ſets, with the 


Moon! in oppoſi 75 or at the F 7 0 which makes 
her -Fiſingivery conf {picuous, A 


e 202 201 O11) 1.51 


284. At t 8 Equator, the Nori and South 
"Poles lie in the Horizon ; and therefore the Eclip- 


tic e the ſame Angle ſouthward with the Ho- 
I 1ZON 
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Of the Harvel-Maath. 
rizon when Aries riſes,” as. it dots: * SINE" when 


the preceding, there can be no Particular Harveſt 


| 1 7 at the Equator. 


. The farther that any place is from the 
4 if it be not beyond the Polar Cirele, the 
Angle gradually diminiſhes which the Ecliptic and 
Horizon make when Piſces and Aries riſe: and 
therefore when the Moon is in theſe Signs ſhe riſes 


day than on the former; and is for that reaſon the 


more; remarkable. about the Fall; until we come to 
the Polar Circles, or 66 degrees from the Equa- 
tor; in which Latitude the Ecliptic and Horizon 
become coincident every: day for a moment, at the 
ſame ſydereal hour (or 3 minutes 56 ſeconds 
ſooner every day than the former) and the very 


Gemini, riſes, and the oppolite half ſets.  Fhere- 
fore, whilft the Moon is going from the beginnin 
of Capricorn to the beginning of Cancer, whict 


ſis almoſt 14 days, ſhe riſes at the ſame ſydereal 


hour; and in autumn juſt at Sun-ſer, betauſe all 
that half of the Ecliptic, in which the Sum is at 
that time, ſets at the ſame {ydereal hour, and the 
oppoſite half riſes; that is, 3 minutes 56 ſeconds, 
of mean ſolar time, ſooner every day than on the 
day before. 80 whilſt the Moon is going from 
A to Cancer, ſhe riſes earlier every day 
than on the preceding; contrary to what ſhe does 
at all places between the Polar Circles. But dur- 
ing the above fourteen da the Moon is 24 
fydereal hours later in ſetting; for the fix Signs 
which riſe all at once on the altern ſide of the 
Horizon are 24 hours in ſetting on the weſtern ſide 


of hb as any one wax oe by making chalk-marks 


Libra riſes... 'Conſequently, as che Meon at all the 
|fore-mentioned patches riſes and Tets nearly at equal 
Angles with the Horizon all the year round, and 
about go minutes later every day or night than on 


with a nearly. proportionable difference later every 


next moment one half of the Ecliptie containing 
Capricorn, Aquarius, Piſces, Aries, Taurus, and 
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Of the Harveſt-Moon. 


at the beginning of Capricorn and of Cancer, and 


then, having elevated the Pole 66 degrees, turn 
the Globe ſlowly round it's Axis, and obſerve the 
riſing. and ſetting of the Eclipric. As the begin- 
ning of Aries is equally diſtant from the beginning 
of: Cancer and of Capricorn, it is in the middle 
of that half of the Ecliptic which riſes all at once. 
And when the Sun is at the beginning of Libra, 
he is in the middle of the other half. T herefore, 
when the Sun is in Libra, and the Moon in Capri- 
corn, the Moon is a Quarter of a Circle before the 


Son; oppoſite to him, and conſequently full in 
Aries, and a Quarter of a Circle behind him, when 


in Cancer. But when Libra riſes, Aries ſets. and 
all that half of the Ecliptic of which Aries is the 


middle, and therefore, at that time of the year, the 


The Har- | 


veſt Moons 
regular on 


Moon rifes at Sun-ſet from her firſt to her third 
mm” | 

286. In nerehorn Lajludes his N F all 
rüde are in Piſces and Aries; and the vernal 


both gdes of Full Moons in Virgo and Libra: in ſouthern La- 


the a * 


titudes juſt the reverſe, becauſe the ſeaſons are 
conttary. -* But Virgo and Libra riſe at as ſmall 
Angles with the Horizon in ſouthern Latitudes, 
as Piſces and Aries do in the northern; and there- 


fore the Harveſt-Moons are juſt as regular on one 


tide of the Equator as on the other. © 

28 7% As theſe Signs, which riſe: with the [eaſt 
Angler, ſet with che greateſt, the vernal Full 
Moons differ as much in their times of riſing every 
night-as- the autumnal Full Moons differ in their 
times of ſetting; and ſet with as little difference 
as the autumnal Full Moons tiſe: the one being 
in all eates the reverſe of the otherr. 

288. Hitherto, for the ſake of beg we 
have ſuppoſed the Moon to move in the Ecliptic, 


from which the Sun never deviates. But the 


Orbit in which the Moon really moves is different 


from the Ecliptic: one half being elevated 5+ de- 
mow above it, and the other half as much de- 
8 | preſſed 


— 
— 


| eras the. Ecliptic in two points diametrically 


Nodes, which is at leaſt twice in every courſe from 
Change to Change, and ſometimes thrice. - For, 


round her Orbit from Change to Change; if ſhe 


ſhe will paſs by the other in about fourteen days 
after, and come round to the former Node two 
days again before the next Change. That Node 
from which the Moon begins to aſcend northward, 
| or: above the Ecliptic, in northern latitudes, is 


| ſcending Node, becauſe the Moon, when ſhe paſſes 
by it, deſcends below the Ecliptic ſouthward. 
2289. The Moon's oblique motion with regard 
to the Ecliptic cauſes ſome difference in the times 
of her riſing and ſetting from what is already men- 
| tioned, For when ſhe is northward of the Echp- 
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Of the Harveft- Moon. 
orefied below it. The Moon's Orbit Mlb 


oppoſite to each other; and theſe interſections are 


called the Moon's Nen So the Moon can never THEO 


be in the Ecliptic but when ſhe is in either of her 


as the Moon goes almoſt a whole Sign more than 


paſſes by either Node about the time of C hange, 


called the Aſcending Node; and the other the De- 


tic, ſhe riſes ſooner and ſets later than if ſhe moved 
in the Ecliptic: and when the is ſouthward of the 
Ecliptic, ſhe riſes later and ſets ſooner. This dif-. 
ference is variable, even in the fame Signs, becauſe 
the Nodes ſhift backward about 19 degrees in 


wich the Horizon when 99 riſes, than the 


the Ecliptic every year; and ſo go round it con- 
uy to the order of Signs in 18 years 225 days. 
When the Aſcending Node is in Aries, the 
buche half of the Moan's Orbit makes an Angle 
of 5 degrees, leſs, with {the Horizon: than the 
Ecliptic does, when Aries riſes in northern Lati- 
todes: for which reaſon the Moon riſes. with lefs 
difference of time whilſt ſhe is in Piſces and Aries, 
than ſhe, would do if ſhe kept in the Ecliptic. 
But in 9 years and 112 days att derward, the De- 
ſcending Nodę comes to Ari. ies 7 and then the 
Moon's Orbit makes an Angle 5 x. degrees greater 


O 4 | Ecliptic 


Of the. Har 


- Ecliptic * at that time; which cauſes the Moon 
to die with greater difference of time in Piſces and 
Aries than it ſhe moved in the Ecliptic. 

2091. Io be a little more particular; When the 
Aſcending Node-is in Aries, the Angle is only 
97 degrees on the parallel of London when Aries 
rifes. But when the Deſcending Node comes to 
Aries, the Angle! is 20 degrees; this occalians AS 
great a difference of the Moon's riſing in the ſame 
Signs ovary 9 arb, 55 there would be on two pa- 
.Tallels 103 degrees from one another, if the 
Moon' s Courle were in the Ecliptic, The follow- 
ing Table ſhews how much the obliquity of the 
Moon? Orbit affects her rifing and ſetting on the 
paxallel of London, from the 12th to the 18th day 
of her age; ſuppoſing her to be Full at the au- 
tumpal Equinox: and then, either in the Aſcend-: 
ing Node, higheſt part of her Orbit, * 
Node, or loweſt part of her Orbit. —— 
morning, A afternoon ; and the line at 5 foot of 
the Table ſhews a Lk 8 Mense in ng a and 
ſetting. 
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This Table was not Abr. bar N eſti 
thee? as near as could be done from a common 
Globe, on which the Moon's Orbit was delineated 
With a Black. _ pencil, I t may at * fight, ap- 
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Of the Har viſt· Moon. . 
Moon to be full in either Node at the autumnal 
Equinox, ſhe .augbt. by the Table to riſe juſt at 
fix o'clock or at Sun-ſer, on the 15th day-ef her 
age; being in the Ecliptie at that time. Bot it 
muſt be confidered, that the Moon is only t 43 days 
old when ſhe is Full; and therefore in both caſes 
| ſhe is a little paſt the Node on the 15th day, being 
above it at one time, and below it at the other. 
2092. As there is a compleat revolution of the 
Nodes in 185 years, there mult be a regular period 
of all the Varieties which can happen in the riſing 


and ſeiting of the Moon during that time. But The period 


this ſhifting of the Nodes never affects the Moon's 
riling fo much, even in her quickeſt deſcending 
Latitude, as not to allow us ſtill the benefit of her 
riſing nearer the time of Sun-fet for a- few days 
together about the Full in Harveſt, than when he 
is Full at any other time of the year. The foE 
lowing Table fhews in what years the Harveſt- 
Moons are leaft beneficial as to the times of their 
riſing, and in what years moſt, from x751 to 186r. 
The column of years under the letter L are thoſe 
in which the Harveſt-Moons are leaſt of all bene- 
ficial, becauſe they fall about the Deſcending 
Node: and thoſe under M are the moſt of all bene- 
ficial, becauſe they fall about the Aſcending Node. 
In all the columns from N to 8 the Harveſt- Moons 
deſcend gradually in the Lunar Orbit, and riſe to 
leſs heights above the Horizon. From $ to N 
they aſcend in the ſame proportion, and riſe to 
greater heights above the Horizon. In both the 
columns under S the Harveſt- Moons are in the 
loweſt part of the Moon's Orbit, that is, fartheſt 
South of the Ecliptic; and therefore ſtay ſhorteſt 
of all above the Horizon: in the columns under 


N juft-the reverſe. And in both caſes, their riſing, 


though not at the fame times, are nearly the ſame 
Vith regard to difference of time, as if the Moon's 
Orbit were coincident with the Ecliptie. 
ny 1 | Years 
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411816 1817 1818 1819 1820 1821 1822 1823 1824 1825 
1 1835 1836 1837 1838 1839 1840 1841 1842 1843 


1757 1752 1763 1754 1755 1756 1757 1758 wy : 
| 17701771 1772 1773 1774 1775 1776 1777 1778 8 
1788 1789-1790 1791 1792 1793 1794 1795 796 7 1797 ; 
180 1808 1809 1810 1811 1812 1813 18141815 | 
| 1826 1827 1828 1829 1830 1831 1832 1833 1834 


| ure! tn which they are moſt beneficial. 

* * 113 (te WW M- N 
1760 1761 1762 1763 1764 1765 1766 1767 1768. 1769 
1779 1780 1781 1782 1783 1784 1785 1786 1787 
1798 1799 1800 1801 1802 1803 1804 1805 1806 
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1 | 12 


85 1854 255, 252 1857 155 1859 1860 1861 
<6 36 10 

293. At — Polar c * the Sun 1 
pres Summer Tropic, he continues 24 hours above 
the Horizon; and 24 hours below it when he 
touches the Winter Tropic. For the ſame reaſon 
the Full Moon neither riſes in Summer, nor ſets 
in Winter, conſidering her as moving in the Eclip- 
tic. For the Winter Full Moon being as high in 


the Ecliptic as the Summer Sun, muſt therefore 


continue as long above the Horizon; and the 
Summer Full Moon being as low in the Ecliptic 
as the Winter Sun, can no more riſe than he does. 
But theſe are only the two Full Moons which hap- 
pen about the Tropics, for all the others riſe and 


ſet. In Summer the Full Moons are low, and 


The long 


continuance 


of Maon- 
light at the 


their ſtay. is ſhort above the Horizon, when the 
nights are mort, and we have leaſt occafion for 
Moon-light : in Winter they go high, and ſtay 
long Ys 4 the Horizon, when the nights are long, 
and we want the greateſt quantity of Moon-light. 
294. At the Poles, one half of the Ecliptic 
never ſets, and the other half never riſes: and 
therefore, as the Sun is always half a year in de- 
ſcribing one half of the Eciiptic, and as long in 
going through the other it is natural to ima- 
| gine 
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The long Duration of Moon-light at the Poles. 
gine that the Sun continues half a year together 
above the Horizon of each Pole in it's turn, and 


as long below it; riſing to one Pole when he ſets 


to the other. This would be exactly the caſe if 


there were no refraction: but by the Atmoſphere's 
refracting the Sun's rays, he becomes viſible ſome 
days ſooner, $ 183, and continues ſome days 


longer in fight than he would otherwiſe do: fo 


that he appears above the Horizon of either Pole 
before he has got below the Horizon of the other. 


And, as he never goes more than 23+ degrees 
below the Horizon of the Poles, they have very 
little dark night: it being twilight there as well as 
at all other places till the Sun be 18 degrees below 
the Horizon, 5 177. The Full Moon being al- 
ways oppoſite to the Sun, can never be ſeen while 
the Sun is above the Horizon, except when the 
Moon falls in the northern half of her Orbit; for 
whenever any point of the Ecliptic riſes, the op- 
poſite point ſets. Therefore, as the Sun is above 
the Horizon of the north Pole from the 2oth of 
March till the 23d of September, it is plain that the 
Moon, when Full, being oppoſite to the Sun, muſt 
be below the Horizon during that half of the year. 
Bur when the Sun is in the Southern half of the 
Ecliptic, he never riſes to the north Pole, during 


which half of the year, every Full Moon happens 


in ſome part of the northern half of the Ecliptic, 
which never ſets. Conſequently, as the polar In- 
habitants never ſee the Full Moon in Summer, 
they have her always in the Winter, before, at, 
and after the Full, ſhining for 14 of our days and 


nights. And when the Sun is at his greateſt de- 


preſſion below the Horizon, being then in Capri- 


corn, the Moon is at her Firſt Quarter in Aries, 


Full in Cancer, and at her Third Quarter in 

Libra. And as the beginning of Aries is the 
 Tifing point of the Ecliptic, Cancer the higheſt, 
and Libra the ſetting point, the Moon riſes at her 
tit Quarter in Aries, is moſt elevated above the 
Jy | Horizon, 


203 


20 


er 


Fig. v. 


PLATE Horizon, and Full in Cancer, and ſets at the be- 
vun  ginning of Libra in her Third Quarter, having 


n Thus the Poles are ſupplied one half of 
the winter time with conſtant n-ligbt in the 


ert be 


The long Duration of Moon ligbt at the Poles, 


continued viſible for 14 diurnal. rotations of the 


Sun's abſence; and only loſe fight of the Moon 
from her Third : to her Firſt Quarter, while ſhe 


Fu, but very little light; and could be but of 
t 


ile, and ſometimes of no ſervice to them. A 

bare view of the Figure will make this plain; in 

which let $ be the Sun, e the Earth in Summer 
when i it's 10 Pole » inclines toward the Sun, 
and. E the Earth in Winter; when it's north Pole 
declines from him. S E Mand M & is the Ho- 


rizon of the north Pole, which is coincident with 


the Equator; and, in both theſe politions of the 
Earth, M s S w is the Moon's Orbit, in which 
es round the Earth, according to the order 
. A BCD. When the Moon 
is at a, ſhe is in her Third Quarter to the Farth 


at e, and juſt riſing to the north Pole ; at & ſhe 


changes, and is at the greateſt height aboye the 
Horizon, as the Sun likewiſe is; at c the is in her 
Firſt Quarter, ſeiting below the Horizon; and is 
loweſt of all under it at 4, when oppolite to the 


Sun, and her enlightened Side toward-the Earth. 


But then ſhe is full in view to the ſouth Pole p; 
which is as much turned from the Sun as the 


north Pole inclines towards him. Thus in our 


Summer, the. Moon is above the Horizon of the 


north Pole whilſt ſhe deſcribes the northern half 


of the Ecliptic y & , or from her Third Quar- 


ter to her Firſt; and below the Horizon during 


her progreſs. through the ſouthern half & r wv; 
higheſt, at che Change, molt depreſſed at the Full. 

But in Winter, when the Earth is at E, and it's 
north Pole-declines from the Sun, the New Moon 
at Y is at her greateſt depreſſive below the Hori- 
.zon Mis, and the Full Moon at B at her greateſt 


OF height above it; riſing, a at her Firſt Quarter 4, 


and 
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und keeping above the Horizon till he comes to Bras 
| Her Third Quarter C. At a mean ſtate the is 2322 
rees above the Horizon at B and 5, and as 
We below it at D and d, equal to the inclination . © 
of the Eartb's Axis F. & S or & are, as it 
were, a ray of light proceeding from the Sun to 
the Earth; and ewe that when the Earth is at e, 
the Sun is above the Horizon, vertical to the 
Tropic of Cancer; and when the Earth is at E, 
he is below the Horizon, vertical to the Tropic 
of 22 N 
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295 E cauſe of the T des vs diſcovered 
LA by KrPLER, who, in his Iniroduction to 
the PHH cs of the Heavens, thus explains it: The The cane | 
Orb Of the attracting power, Which 15 Jn the &iſcoveredby 
Moon, is extended as far as the Earth; and draws KrIEX. 
the waters under the torrid Zone, acting upon 
places Where it is vertical, inſenſibly on confined 
ſeas and bays, but ſenſibly on the ocean whoſe 
beds are large, and the waters have the liberty of 
reciprocation; that is, of riſing and falling. And 
in the 7oth page of his Lunar Aſtronomy But 
the cauſe of the Tides of the Sea appears to be the 
bodies of the Sun and Moon drawing the waters of 
the Sea.” This hint being given, the immortal TheirTheo- 


| ee 
Sir Isaac NEwTON improved it, and wrote ſo am- oa One 


Ply on the ſubject, as to make the Theory of the NN n. 


Tides in a manner quite his own; by diſcovering 
the cauſe of their riſing on the {ide of the Earth op- 
poſite to the Moon. For KErLER believed, that 
the preſence of the Moon occaſioned an impulſe 
which cauſed another in her abſence. 
296. It has been already ſhewn, & 106, that the Explained 
Power of gravity diminiſhes as the ſquare of the nies pla- 
| Giltanee increaſes; and therefore the waters at Z deles, 
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Of the Tides. 
PLATE on the ſide of the Earth ABCDEFGH next the 


Moon M are more attracted than the central parts 
of the Earth O by the Moon, and the central parts 
are more attracted by her than the waters on the 


oppoſite ſide of the Earth at : and therefore the 
diſtance between the Earth's center and the waters 
on it's ſurface under and oppoſite to the Moon 


will be increaſed. For, let there be three bodies 
at H, O, and D: if they are all equally attracted 
by the body M, they will all move equally faſt 
toward it, their rea diſtances from each other 
continuing the ſame. If the attraction of M is un- 
equal, then that body which is moſt ſtrongly at- 
tracted will move faſteſt, and this will increaſe it's 
diſtance from the other body. Therefore, by the 
law of gravitation, M will attract H more ſtrongly 
than it does O, by which the diſtance between H 
and O will be increaſed: and a ſpectator on O will 


perceive # riſing higher toward Z. In like man- 


ner, O being more ſtrongly attracted than D, it 


will move farther towards M than D does: con- 


ſequently, the diſtance between O and D will be 
increaſed; and a ſpectator on O, not perceiving 


his own motion, will ſee D receding farther from 


him towards z:- all effects and appearances be- 
ing the ſame, whether D recedes Nom 0, or O 


ew 142 N 1 


297. . e eee 
as A, . C, O, E, E, G, N placed round O, ſo as to 


form a flexible or fluid ring: then, as the whole is 


attracted towards M, the parts at H and D will 


have their diſtance from O increaſed; whilſt the 


7 at B and F, being nearly at the ſame diſtance 
rom M as O is, theſe parts will not recede from 
one another; but rather, by the oblique attraction 


of M, they will approach nearer to O. Hence, 


the fluid ring will form itſelf into an ellipſe 


EIBLIX FN Z, whoſe longer Axis O Z pro- 
duced will paſs through M, and it's ſhorter Axis 


* will terminate in B and F. Let the ring be 
7 filed 
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filled with fluid particles, ſo as to form à ſphere 


round O; then, as the whole moves toward M, the 
fluid ſphere being lengthened at Z and #, will: 
aſſume an oblong or oval form. If M is the 


Moon, O the Earth's center, A B CDE EG Htꝛe 


o 


Sea covering the Earth's ſurface, it is evident, by 
the above reaſoning, that whilſt the Earth by it's 
gravity falls toward the Moon, the Water directly 
below her at B will ſwell and riſe gradually towards 
her: alſo the Water at D will recede from the 
center | ſtrictly ſpeaking, the center recedes from D] 


and riſe on the oppoſite {ide of the Earth: whilſt: 


the Water at B and F is depreſſed, and falls below: 
the former level. Hence, as the Earth turns round 


it's Axis from the Moon to the Moon again in 


24% hours, there will be two Tides of Flood and 
two of Ebb in that time, as we find by experience. 

298. As this explanation of the ebbing and 
flowing of the Sea is deduced from the Earth's con- 
ſtantly falling toward the Moon by the power of 
gravity, ſome may find a difficulty in conceiving 
how this is poſſible, when the Moon is full, or in 
oppoſition to the Sun; ſince the Earth revolves 
about the Sun, and muſt continually fall towards 
it, and therefore cannot fall contrary ways at the 


ſame time: or if the Earth is conſtantly falling 


towards the Moon, they muſt come together at 
laſt. To remove this difficulty, tet it be conſi- 
dered, that it is not the center of the Earth that 


deſcribes the annual Orbit round the Sun, but 
the ® common center of gravity of the Earth and 


Moon together: and that whilſt the Earth is 


3 FEY j 4 
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This center is as much nearer the Earth's center than the 


Moon's as the Earth is heavier, or contains a greater quantity 
of matter than the Moon, namely, about 40 times. If both 
bodies were ſuſpended on it, they would hang in egnilibrio. 
So that dividing 240, ooo miles, the Moon's diſtance from the 
Earth's center, by 40, the exceſs of the Earth's weight above 
the Moon's, the quotient will be 6050 miles, which is the diſ- 
tance of the common center of gravity of the Earth and Moon 
from the Earth's center. 333 LEW 
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Earth in a year: and therefore, the Earth is con- 
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moving round the Sun, it alſo deſcribes à Circle 
round that center of gravity going as many times 
round it in one revolution about the Sun as there 

are lunations or courſes of the Moon round the 


ſtantly falling towards the Moon from a tangent 


to the Circle it deſcribes' round the faid common 


Fige II. | 


center of gravity. Let M be the Moon, TW part 


of the Moon's Orbit, and C the center of gravity 
of the Earth and Moon: whilit the Moon goes 


round her Orbit, the center of the Earth deſcribes 
the Circle d g e round C, to which Circle g a & is a 
tangent: and therefore, when the Moon has gone 
from M to a little paſt V, the Earth has moved 
from g to 23 and in rhat time has fallen towards 


the Moon, from the tangent at a to e; and as 


on, round the whole Cirele. 5 

299. The Sun's influence in {wif che-Tides i E 
but ſmall in compariſon of the Moon's: For though 
the Earth's: diameter bears a conſiderable propor- 


tion to it's diſtance from the Moon, it is next to 


| Why the 


Tides are 
not higheſt 
when the 
Moon is on 
the Meri- 
dian, 


Fig. I. 


nothing when compared to it's diſtance from the 
Sun. And therefore, the difference of the Sun's 
attraction on the fides/of the Earth under and op- 
poſite to him, is much leſs than the difference of 
the | Moors: attraction on the ſides of the Earth 
under and oppuſite to her: and therefore the Moon 


muſt raiſe the Tides: much r y IT 9 1 can 
i wo In Sun. 3 | 


goa Oedis 3 10 0 as we made ex- 
plained 3 it, the Tides ought to be higheſt directly 
under and oppoſite to the Moon; that is, when 
the Moon is due north and ſouth. But we find, 
that in open Seas, where the water flows freely, 


the Moon; Mais generally paſt the north and ſouth 


Meridian, as at p, when it is high water at Z and 
at 1. The reaſon is obvious; for though the 
Moon's attraction was to ceaſe altogether when ſhe 


was paſt the — yet the motion of aſcent 


communi- 


* 
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communicated to the water before that time rn PLATE 
make it continue to rife for ſome time after; much _ 
more muſt it do fo when the attraction is only 
diminiſhed: as a little impulſe given to a moving 


ball will cauſe it ſtill to move farther than other- 


wiſe it could have done. And as experience ſhews; 

that the day 1s hotter about three in the afternoon, 

than when the Sun is on the Meridian, becauſe of 

the encreaſe made to the heat already imparted. 

301. The Tides anſwer not always to the ſame Nor always 
diſtance of the Moon from the Meridian at the aufder to . 


her being at 
ſame places; but are variouſly affected by the action — fame dit 


of the Sun, which brings them on ſooner when the faber from 


Moan is in her firſt and third Quarters; and keeps 
them back later when ſhe is in her ſecond and 
fourth * becauſe, in the former caſe; the Tide raiſed 
by the Sun alone would be earlier than the Tide 
85 by the Moon; and in the latter caſe later. 


302. The Moon goes round the Earth in an 
elliptic Orbit, and therefore, in every Lunar Month, 
ſhe approaches nearer to the Earth than her mean 
diſtance, and recedes farther from it. When 8 
ſhe is neareſt; ſhe attracts ſtrongeſt, and ſo raiſes ” 
the Tides moſt ; the contrary happens when ſhe 
is fartheſt, becauſe of her weaker attraction. When 
both Luminaries are in the Equator, and the 
Moon in Perigeo, or at her leaſt diſtance from the 
Earth, ſhe raiſes the Tides higheſt of all, eſpecially 
at her Conjun&ion and Oppoſition ; both becauſe 


the equatoreal parts have the greateſt centrifugal 


force from their deſcribing the fargeſt Circle, and 
from the concurring actions of the Sun and Moon. 
At the Change, the attractive forces of the Sun 
and Moon being united, they diminiſh the gravity 
of the waters under the Moon, and their gravity 
on the oppoſite ſide is diminiſhed by means of a 
greater centrifugal force. At the Full, whilft the 5, vx; 
Moon raiſes the Tide under and oppoſite to her, 


the Sun acting in ä line, raiſes the Tide 


under 
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under and oppoſite to him; whence their conjoint 
effect is the ſame as at the Change; and in both 
caſes, occaſion what we call the Spring Tides. But 
at the Quarters the Sun's action on the waters at 
O and I diminiſhes the effect of the Moon's action 
on the waters at Z and N; ſo that they riſe a little 
under and oppoſite to the Sun at O and H, and 
fall as much under and oppoſite to the Moon at 
Z and N; making what we call the Neap Tides, 
becauſe the Sun and Moon then act croſs-wile to 
each other. Bur, ſtrictly ſpeaking, theſe Tides 
happen not till ſome time after; becauſe in this, 
as in other caſe:, & 200, the actions do not produce 
the greateſt effect when they are at the ſtrongeſt, 
but ſome time afterward. 
Not greateft 303. The Sun being nearer the Earth in Winter 
none ag. than in Summer, § 205, is of courſe nearer to it 
why, in February and October than in March and Sep- 
tember; and therefore the greateſt Tides happen 
not till ſome time after the autumnal Equinox, and 
return a little before the vernal. | 
The Tides The Sea being thus put in motion, would con- 
ente tinue to ebb and flow for ſeveral times, even 
ceaſe opon though the Sun and Moon werey annihilated, or 
rac annibi* their influence ſhould ceaſe: as if a baſon of water 
* agitated, the water would continue to move 
for ſome time after the baſon was left to ſtand 
ſtill. Or like a Pendulum, which having been put 
in motion by the hand, continues to make ſeveral 
vibrations without any new impulſe. 


The loner 304. When the Moon is in the Equator, the 
day, what. wo : 5 
The Tides 11des are equally high in both parts of the Junar 
ne to une- day, or time of the Moon's revolving from the 
fu the e Meridian to the Meridian again, which is 24 hours 
day, and 50 minutes. But as the Moon declines from the 
8528 Equator towards either Pole, the Tides are alter- 
nately higher and lower at places having north or 
ſouth Latitude. For one of the higheſt elevations, 
which is that under the Moon, follows her towards 


the 
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the Pole to which ſhe is neareſt, WE the other PLATE 


declines towards the oppoſite pole; each elevation 


deſcribing parallels as far diſtant from the Equator, 


on oppolite ſides, as the Moon declines from it to 
either ſide; and conſequently, the parallels de- 


{cribed by thefe elevations of the water are twice as 


many degrees from one another, as the Moon is 


from the Equator; increaſing their diſtance as the 
Moon increaſes her declination, till it be at the 
greateſt, when the ſaid parallels are, at a mean ſtate, 


47 degrees from one another: and on that day, 


the Tides are moſt unequal in their heights. As 

the Moon returns toward the Equator, the parallels 
deſcribed by the oppoſite elevations approach to- 
wards each other, until the Moon comes to the 
Equator,” and then they coincide, As the Moon 
declines toward the oppoſite Pole, at equal dit- 
tances, each elevation deſcribes the ſame parallel | 

in the other part of the lunar day, which it's oppo- 

ſite elevation deſcribed before. Whilſt the Moon 

has north declination, the greateſt Tides in the 
northern Hemiſphere are when ſhe is above the 
Horizon; and the reverſe whilſt her declination is 
louth, Let MES 9; be! the Earth, M CS it's p ul, 
Axis, E © the Equator, T 9 the Tropic of Cancer, Iv, v. 
i the Tropic of Capricorn, 4 4 the arctic Cirele, 

ed the antarctic, N.the north Pole, $ the ſouth 
Pole, M the Moon, F and & the two eminences of 
water, whoſe-loweſt parts are at a and d (Fig. III.) 

at N and & (Fig. IV.) and at 5 and « (Eig. V.) 
always 90 degrees from the higheſt. Now when 

the Moon is in her greateſt north declination at 

M, the higheſt elevation G under her, is on the pig, ns, 
Tropic of Cancer, 7 , and the oppoſite: elevation 

# on the Tropic of Capricorn ; and theſe two 
elevations; deſcribe the Tropics by the Earth's 
diurnal rotation. All places in the northern He- 


miſphere EN Thaye the higheſt Tides when they 


come into the poſition 53 2, under the Moon; 
and the: loweſt Tides when the Earth's. diurnal 
U P 2 8 8 4.99%, rotation, 
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PLATE rotation carries them into the poſition 4 T EZ, on 
. the ſide oppoſite to the Moon; the reverſe happens | 
at the ſame time in the ſouthern Hemiſphere 

ES, as is evident to ſight. The Axis of the 
Tides aCd has now it's Poles a and d (being always 
go degrees from the higheſt elevations) in the 
arctic and antarctic Circles; and therefore it is 
plain, that at theſe Circles there is but one Tide 

of Flood, and one of Ebb, in the lunar day. For, 
when the point @ revolves. half round to 6, in 12 
lunar hours, it has a tide of Flood; but when it 
| comes to the ſame point @ again in 12 hours more, 

Fig.IV. it has the loweft Ebb. In ſeven days afterward, 

the Moon M comes to the equinoctial Circle, and 

is over the Equator EQ, when both elevations 

- deſcribe the Equator ; and in both Hemiſpheres, 

at equal diſtances from the Equator, the Tides are 
equally high in both parts of the lunar day. The 

Fig. v. whole Phenomena being reverſed, when the Moon 

has ſouth declination, to what they were when 

her. declination was norte require no farther 
n 

305. In the three laſt· mentioned Figures, the 

- _ Earth is orthographically projected on the plane of 

the Meridian; but in order to deſcribe a particular 

Phenomenon, we now project it on the plane of 

a the Ecliptic. Let HZ ON be the Earth and Sea, 

Tig. VI. PF E D the Equator, T the Tropic of Cancer, C 

the arctic Circle, P the north Pole, and the Curves 

I, 2, 3, Sr. 24 Meridians, or Hour- circles, inter- 

when bern ſecting each other in the Poles; 46 M is the 

Tide re Moon's Orbit, $ the Sun, M the Moon, Z the 

equally bigh Water elevated under the Moon, and N the oppo- 

day, they ar fite equal Elevation. As the loweſt parts of the 
rive at un- Water are always 90 degrees from the higheſt, 


equal inter- 


ais ef when the Moon is in either of the Tropics (as at 


Tine Af) the Elevation E is on the Tropic of Capricorn, 


=" the oppoſite Elevation N on the Tropic of 
Cancer, the Jow-water Circle H C O touches the 
your” een at C; and the high · water Circle 

2 | ETP6 


ETP 6 goes over the Poles at P, and divides 
every parallel of Latitude into two equal ſegments. 


alternately higher and lower; but they return in 
qual times: the point 7, for example, on the 
"ropic of Cancer (where the depth of the Tide 1s 
epreſented by the breadth of the dark ſhade) has 
' ſhallower. Tide of Flood at 7, than when it re- 
volves half round from thence to 6, according to 


xs ſoon from 6 to T as it did from 7 to 6, When 
the Moon is in the Equinoctial, the Elevations 4 
and N are transferred to the Equator at O and H, 


each other's former places; in which caſe the 
Tides return in unequal times, but are equally 
high in both parts of the lunar day : for a-place at 
(under D) revolving as formerly, goes ſooner 
from 1 to 11 (under F) than from 11 to 1, be- 
cauſe the parallel it deſcribes is cut into unequal 
ſegments by the high-water Circle HC O but the 
a he and 11 being equidiſtant from the Pole 


f the Tides at C, which is directly under the Pole 
of the Moon's Orbit MG A, the Elevations are 
ually high in both parts of the dax. 


306. And thus it appears, that as the Tides 
are governed by the Moon, they muſt turn on the 
Axis of the Moon's Orbit, which is inclined 232 
degrees to the Earth's Axis at a mean ſtate: and 


degrees from the Pales of the Earth, or in oppo- 
lite points of the polar Circles, going round theſe 
Circles in every lunar day. It is true, that accord- 
ing to Fig. IV, when the Moon is vertical to the 
Equator E CA, the Poles of the Tides ſeem to 
fall in with the Poles of the World N and 8: but 
when we conlider that F G H is under the Moon's 


#, in the Tropic of Capricorn, the north Pole of 
FU "— 


In this caſe the Tides upon every parallel are 


the order of the numeral Figures; but it revolves 


and the high and low. water Circles are got into 


therefore the Poles of the Tides muſt be ſo many | 


Orbit, it will appear, that when the Moon is over 
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the Tides (which can be no more than go degrees 
| from under the Moon) muſt be at C in the arctie 
E Circle, not at P, the north Pole of the Earth; 
| | and as the Moon aſcends from I to & in her Orbit, 
| the north Pole of the Tides muſt ſhift from c to 4 
in the arctic Circle, and the ſouth Pole as much 1 in 
| | the antarctic. 0 
| It is not to be Doble but that the Earth's 
6 quick rotation brings the Poles of the Tides nearer | 
to the Poles of the World, than they would be if 
the Earth were at eſt, and the Moon revolved 
5 | about it only once a month; for otherwiſe the 
Tides would be more unequal in their heights, and 
times of their returns, than we find they are. But 
how near the Earth's rotation may bring the Poles 
of it's Axis and thoſe of the Tides together, or 
how far the preceding Tides may affect thoſe 
which follow, ſo as to make them keep up nearly 
| to the ſame heights, and times of ebbing and flow- 
A ing, is a problem more fit to be ſolved by obſerva- 
tion tian oy theory. : 
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To know at 30). Thoſe who dike opportunity to mul 
| dae mer er. Obſervations, and chooſe to ſatisfy themſelves whe- 
peat the ther the Tides are really affected in the above 
bal Tide. Manner by the different poſitions of the Moon, 
ee.ſpecially as to the unequal times of their returns, 
may take this general rule for knowing when they 
ought to be ſo affected. When the Earth's Axis 
x inclines to the Moon, the northern Tides, if not 
| retarded in their paſſage through Shoals and Chan- 
a 5 nels, nor affected by the Winds, ought to be 
greateſt when the Moon is above the Horizon, leaſt 
| when ſhe is below it; and quite the reverſe when 
$B | the Earth's Axis declines from her: but in both 
| cates, at equal intervals of time. When the 
Earth's Axis inclines ſidewiſe to the Moon, both 
Tides are equally high, but they happen at unequal 
intervals of time. In every Lunation the Earth's 
| Axis inglines once to che Moon, once from = 
| : A | an 
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and twice ſidewiſe to her, as it does to the Sun 


every, year; becauſe the Moon goes round the 


Ecliptic every Month, and the Sun but once in a 


year. In Summer, the Farth's Axis inclines to- 


wards the Moon when New; and therefore the 
day-tides in the north ought to be higheſt, and 
night-tides loweſt about the Change: ar the Full 


the reverſe. Ar the Quarters they ought to be 
_. equally high, but unequal in their returns; becauſe 


the Earth's Axis then inclines ſidewiſe to the Moon. 
In Winter the Phenomena are the fame at Full- 
Moon as in Summer at New, In Autumn the 
Earth's Axis inclines ſid-wiſe to the Moon when 
New and Full; therefore the Tides ought to be 


_ equally high and unequal in their returns at theſe 


times. At the firſt Quarter the Tides of Flood 
ſhould be leaſt when the Moon is above the Hori- 
zon, greateſt when ſhe is below it; and the reverſe 


at her third Quarter. In Spring, the Phenomena 


of the firſt Quarter anſwer to thoſe of the third 
Quarter in Autumn; and vice verſa. The nearer 
any time is to either of theſe ſeaſons, the more the 


Tides partake of the Phenomena of theſe ſeafons ; 


and in the middle between any two of them the 
Tides are at a mean ſtate between thoſe of both. 
308. In open Seas, the Tide: rife but to very why the 


; ; in Tides riſe 
ſmall heights in proportion to what they do in eg. 


 wide-mouthed rivers, opening in the Direction of vers than in 


the Stream of Tide. For, in Channels growing . 
narrower gradually, the water is accumulated by 

the oppoſition of the contracting Bank. Like a 
entle wind, little felt on an open plain, but ſtrong 

and briſk in a ſtreet; eſpecially if the wider end 

of the ſtreet be next the plain, and in the way of 


. 


the wind. 


309. The Tides are ſo retarded in their paſſage . Tias 
through different Shoals and Channels, and other- happen at all 
wiſe ſo varioully affected by ſtriking againft Capes , Aon 


and Headlands, that to different places they bap- from the 


: 2 _—_ eridi 
pen at all diſtances of the Moon from the Meridian; den, 


FE 4 | conſe- places, and 
why, 
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conſequently at all hours of the lunar day. The 
Tide propagated by the Moon in the German 
Ocean, when ſhe is three hours paſt the Meridian, 
takes 12 hours to come from thence to London 
Bridge ; where it arrives- by the time that a new 
Tide is raiſed in the Ocean. And therefore when 
the Moon has north declination, and we ſhould 


expect the Tide at London to be greateſt when the 


Moon is above the Horizon, we find- it is leaſt; 

and the contrary when ſhe has ſouth declination, 
At ſeveral places it is high- water three hours be- 
fore the Moon comes to the Meridian ; but that 


Tide which the Moon puſhes as it were before 


ber, is only the Tide oppoſite to that which was 
raiſed by her when ſhe was nine hours paſt the 
0 poſite Meridian. 


The Water 310. There are no Tides i in Lakes, Wen they | 


12 are generally ſo ſmall, that when the Moon is 
vertical ſhe attracts every part of them alike, and 
therefore by rendering all the water equally light, 
no part of it can be raiſed higher than another. 
The Mediterranean and Baltic Seas have very ſmall 
elevations, becauſe the Inlets by which they com- 
municate with the Ocean are ſo narrow, that they 

cannot, in ſo ſhort a time, receive or diſcharge 
ragugh to raiſe or fink their ſurfaces ſenſibly. 


The Moon 311. Air being lighter, than Water, and the 


I% 2 ſurtace of the Atmoſphere being nearer to the 


Moon than the ſurface of the Sea, it cannot be 


doubted that the Moon raiſes much higher Tides 


in the Air than in the Sea. And therefore many 
bave wondered why the Mercury does not ſink in 
the Barometer when the Moon's action on the 
particles of Air makes them lighter as ſhe paſſes 


Wala in Wer the Meridian. But we muſt conſider, that 
the Baro- AS theſe particles are rendered lighter, a a greater 
meter inet number of them is accumulated, until the defi- 


affected b 


| thexericl Ciency of gravity be made up by the height of the 
Tis. column; z and then there is an equilibrium, and con- 


ſequently 


. 
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ſequently an equal preſſure upon the Mercury 


as before; ſo that it cannot be affected by the 
aerial Tides. | +32 


CHAP. XVII 


Of Eclipſes : Their Number and Periods. 4 large 
| Catalogue of Ancient and Modern Eclipſes. 


312. FD VERY Planet and Satellite is illumi- A Gabor 

4 nated by the Sun; and caſts a ſhadow *** 
towards that point of the Heaven which is oppo- 
fite to the Sun. This ſhadow is nothing but a 

rivation of light in the ſpace hid from the Sun 

by the opake body that intercepts his rayͤ s. 
313. When the Sun's light is ſo intercepted by Eclipfes of 
the Moon, that to any place of the Earth the Sun en 
appears partly or wholly covered, he is ſaid to what. 
undergo an Eclipſe; though, properly ſpeaking, it 


is only an Ecliple of that part of the Earth where 


the Moon's ſhadow or * Penumbra falls. When 
the Earth comes between the Sun and Moon, the 
Moon falls into the Earth's ſhadow ; and having 
no light of her own, ſhe ſuffers a real Eclipſe from 
the interception af the Sun's rays. When the Sun 
is eclipſed to us, the Moon's Inhabitants on the 


| fide next the Earth (if any ſuch there be) ſee her 


ſhadow like a dark ſpot travelling over the Earth, 
about twice as faſt as its equatoreal parts move, 
and the ſame way as they move. When the Moon 
is in an Eclipſe, the Sun appears eclipſed to her, 
total to all thoſe parts on which the Earth's ſhadow 
falls, and of as long continuance as they are in 
the ſhadow. | | 


314. S In the Earth is ſpher ical (for the hills A proof that 


the Earth 


take off no more from the roundneſs of the Earth, © 


than grains of duſt do from the roundneſs of a ae globular 
. | | ies. 
* The Penumbra is a faint kind of ſhadow all around the 
perfect ſhadow of the Planet or Satellite, and will be more 
fully explained by and by. © 
1 1 ä common 
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common Globe) is evident from the figure of it's 


ſhadow on the Moon; which is always bounded. 
by a circular line, although the Earth is inceffantly 
turning it's different ſides to the Moon, and very 
ſeldom ſhews the ſame fide to her in different 
Eclipſes, becauſe they ſeldom happen at the ſame 


Hours. Were the Earth ſhaped like a round flat 


late, it's ſhadow would only be circular when 


either of it's ſides directly faced the Moon; and 


more or leſs elliptical as the Earth happened to be 


turned more or leſs obliquely towards the Moon 
when ſhe is eclipſed. The Moon's different Phaſes 


prove her to be round, F 254; for, as ſhe keeps 


ſtill the fame fide towards the Earth, if that ſide 
were flat, as it appears to be, ſhe would never be 


viſible from the third Quarter to the firſt; and 
e from the firſt Quarter to the third, ſhe would ap- 


ar as round as when we ſay ſhe is Full: becauſe 


at the end of her firſt Quarter the Sun's light 


And thatthe 


Sun is much 


bigger than 


the 08 


— much 


would come as ſuddenly on all her ſide next the 
Earth, as it does on a flat wall, and go off as ab- 
ruptly at the end of her third Quarter. 

313. If the Earth and Sun were equally Bic. 
the Earth's ſhadow would be infinitely extended, 
and all of the fame bulk; and the Plane t Mars, 
in either of it's Nodes and oppoſite to the Sun, 
would be eclipſed in the Earth's ſhadow, Were 
the Earth bigger than the Sun, it's ſhadow would 
increaſe in bulk the farther i it extended, and would 
eclipſe*the' great Planets Jupiter and Saturn, with 


all their Moons, when they were oppoſite to the 


Sun. But as Mars in oppoſition never falls into 
the Earth's ſhadow, Athengk he is not then above 
42 millions of miles from the Earth, it is plain 


that the Earth is much leſs than the Sun; for 

.-., otherwiſe it's ſhadow could not end in a point at 
ſeo ſmall a diſtance. If the Sun and Moon were 
cgqyvally big, the Moon's ſhadow would go on to 


the Earth with an equal breadth, and cover a por- 
tion of the Earth's ſurface more than 2000 miles 
broad, 


: 
9 or we 
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broad, even if it fell directly againſt the Earth's 
center, as ſeen from the Moon; and much more 
if it fell obliquely on the Earth: but the Moon's 
ſhadow is ſeldom 1 50 miles broad at the Earth, 
unleſs when it falls very obliquely on the Earth, 
in total Eclipſes of the Sun. In annular Eclipſes, | 
the Moon's real ſhadow ends in a point at ſome 
diſtance from the Earth. The Moon's ſmall dif- 
tance from the Earth, and the ſhortneſs of her 
ſhadow, prove her to be leſs than the Sun. And, 
as the Earth's ſhadow is large enough to cover the 
Moon, if her diameter were three times as large as 
it is (which is evident from her long continuance 
in the ſhadow when ſhe goes through it's center) 
it is plain, that the Earth is much digger than the 
Moon. 

316. Though? all de bodies on which the The pri- 
Sun ſhines have their ſhadows, yet ſuch is the 327 ia 
bulk of the Sun, and the diſtances of the Planets, eclipſe one 
that the primary Planets can never" eclipſe one i 

another. A Primary can eclipſe only its Secon- 
dary, or be eclipſed by it; and never but when in 
oppoſition or conjunction with the Sun. The pri- 
mary Planets are very ſeldom in theſe poſitions, 
but the Sun and Moon are ſo every month: hence 
one may imagine that theſe two Luminaries ſhould 
be eclipſed every month. But there are few 
Eclipſes in reſpe& of the number of New and Full. 
Moons; the reaſon of which we ſhall now explain. 
17. If the Moon's Orbit were coincident with Wy there | 
the Plane of the Ecliptic, in which the Earth al- Eclipſes, 
ways moves and the Sun appears to move, the | 
Moon's ſhadow would fall upon the Earth at every 
Change, and eclipſe the Sun to ſome parts of the 
Earth. In like manner the Moon would go 
through the middle of the Earth's ſhadow, and be 
_ eclipſed at every Full; but with this difference, 
that ſhe would be totally darkened for above an 
hour and half; whereas the Sun never was above 


four minutes totally eclipſed by the interpoſition 


of 
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The Moons; Of the Moon. But one half of the Moon's Orbit 

3 Nodes. is elevated 5+ degrees above the Ecliptic, and the 
bother half as much depreſſed below it: conſe - 
| __ quently, the Moon's Orbit interſects the Ecliptic 
| - in two oppoſite points called the Moon's Nodes, as 
has been already taken notice of, 8 288. When 

theſe points are in a right line with the center of 

the Sun at New or Full Moon, the Sun, Moon 

and Earth are all in a right line; and if the Moon 

be then New, her ſhadow falls upon the Earth; 

if Full, the Earth's ſhadow falls upon her. When 

Line of the Sun and Moon are more than 17 degrees from 
Eclipſe, either of the Nodes at the time of Conjunction, 
| the Moon is then generally too high or too low in 
her Orbit to caſt any part of her ſhadow. upon the 
WM Earth. And when the Sun is more than 12 de- 
| 335 grees from either of the Nodes at the time of Full 
| ö Moon, the Moon is generally too high or too low 
| in her Orbit to go through any part of the Earth's 
ſhadow: and in both theſe caſes there will be no 
Eclipſe. But when the Moon is leſs than 17 de- 
ees from either Node at the time of Conjunction, 
Fer ſhadow or Penumbra falls more or leſs upon 
the Earth, as ſhe is more or leſs within this 
limit . And when ſhe is leſs than 12 degrees 
from either Node at the time of Oppoſition, ſhe 
goes through a greater or leſs portion of the Earth's 
ſhadow as ſhe is more or leſs within this limit. 
Her Orbir contains 360 degrees ; of which 17, the 
limit of ſolar Eclipſes on either ſide of the Nodes, 
and 12, the limit of lunar Eclipſes, are but ſmall 
rtions: and as the Sun commonly paſſes by the 
odes but twice in a year, it is no wonder that 


This admits of ſome variation: for, in apogeal Eclipſes, 
the ſolar limit is but 164 degrees; and in perigeal Eclipſes it 
is 183.— When the Full Moon is in her Apogee, ſhe will 
be eclipſed if ſhe be within 104 degrees of the Node; and 
when ſhe is full in her Perigee, ſhe will be eclipſed if ſhe be 


within 1239 degrees of the Node, 
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we have ſo many New and F all Moons without PLATE Xs 


Eclipſes. 


'To illuſtrate this, Jet 4 B E D be the Ecliptic, rig. 1. 


RSTU a Circle lying in the fame Plane with the 


0 Ecliptic, and / W XY the Moon's Orbit, all thrown 


into an oblique view, which gives them an ellip- 


tical ſhape to the eye. One half of the Moon's 


Orbit, as /A. is always below the Ecliptic, and 
the other half above it. The points “ and 
A, where the Moon's Orbit interſects the Circle 


RST U, which lies even with the Ecliptic, are the 
Moon's Nader and a right line, as EV, drawn 
from one to the other, through the Earth's center, is 


called the Line of the Nodes, which is carried almoſt Line cf eh 


parallel to itſelf round the Sun in a year. 

If the Moon moved round the Earth in the 
Orbit R STU, which is coincident with the Plane 
of the Ecliptic, her ſhadow would fall upon the 
Earth every time ſhe is in conjunction with the 
Sun, and at every oppoſition ſhe would go through 
the Earth's ſhadow. Were this the caſe, the Sun 
would be eclipſed at every Change, and the Moon 
at every Full, as already mentioned. 


Bur although the Moon's ſhadow N muſt fall 


upon the Earth at a, when the Earth is at E, and 
the Moon in conjunction with the Sun at i, becauſe 
the is then very near one of her Nodes; and at 
her oppoſition » ſhe muſt go through the Earth's 
ſhadow I, becauſe ſhe is then near the other Node 
yet, in the time that ſhe goes round the Earth to 
her next Change, according to the order of the 
letters X J, the Earth advances from E to e, 
according to the order of the letters EFG H, and 
the line of the Nodes / EA being carried nearly 


Parallel to itſelf, brings the point F of the Moon's 


Orbit in conjunction with the Sun at that next 
Change; and then the Moon being at f, is too 
high above the Ecliptic to caſt her ſhadow on the 
Earth : and. as the Earth is ſtill moving forward, 


the Moon at her next oppoſition will be at g, 6 
3% 


Nodes. 
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Fig. I. and 


. Nodes about her * Quarters, 


Of PRO 


marx far below the Ecliptic to go through ay part „ 


the. Earth's ſhadow ; for by that time the point g 


will be at a cobſiderable diſtance from the: Earth 


as ſeen from the Sun. 

When the Earth comes to AR the 2 in con- 
junction with the Sun Z is not at &, in a Plane 
coincident with the Ecliptic, but above it at I in 
the higheſt part of her Orbitz and then the point 


3 of her ſhadow O goes far above the Earth (as in 


Fig. II, which is an edge view of Fig I.) The 
Moon at her next oppoſition is not at (Fig. I.) 
but at V, where the Earth's ſhadow goes far above 
her (as in Fig II.) In both theſe caſcs the line of 


the Nodes 2 FA (Fig. I.) is about go degrees 


from the Sun, and both Lumiinaries are as far as 
poſſible from the limits of Eclipſes. 
When the Earth has gone half round the Eclip- | 
tic from E to G, the line of the Nodes G A is 
nearly, if not exactly, directed towards the Sun at 
Z; and then the New Moon / caſts her ſhadow P 
on the Earth G; and the Full Moon p goes through 


the Earih's ſhadow L; which brings on Eclipſes 


again, as when the B was at E. 

When the Earth comes to H, the New Moon 
falls not at n in a plane coincident with the Ecliptic 
CD, but at V in her Orbit below it: and then 
her ſhadow 2 (fee Fig. II.) goes far below the 


Earth. At the next F ul ſhe is not at 7 (Fig. 1.) 


but at in her Orbit 5+ degrees above 4, and at 
her greateſt height above the Ecliptic CD; being 
then as far as poſſible, at any oppoſition, from the 


_ Earth's ſhadow A (as in Fig. II.). 


So, when the Earth is at 2 and G, the Moon 18 


about her Nodes at New and Full; and in her 


greateſt North and South Declination (or Latitude 


as it is generally called) from the Ecliptic at her 
Qvarters: but when the Earth is at # or V, the 


Moon is in her greateſt North and South Declination 
from the Ecliptic at New and Full, and in the 


3is. The 


4 


210 The point A where the Moon's Orbit'PLATE x. 


croſſes the Ecliptic is called the Aſcending Node, ending 


aſcending 


becauſe the Moon aſcends from it above the anddeſcend- 


Ecliptic : and the oppoſite point of interſection Y 25 Node. 


is called tbe Deſcending Node, becauſe the Moon 

deſcends from it below the Ecliptic. When the Her North 

Moon is at Y in the higheſt point of her Orbit, ſhe 3 

is in her greateſt North Latitude; and when ſhe is 

at V in the loweſt point of her Orbit, ſhe is in her 
greateſt Soutꝰ Latitude. 

319. If the line of the n like the Earth's 8 The Nodes 
Axis, was carried parallel to itſelf round the Sun, have are- 
there would be juſt half a year between the con- moiien, 
junctions of the Sun and Nodes. But the Nodes 
ſhift backward, or contrary to the Earth's annual 
motion, 194 degrees every year; and therefore the Fis. I. 
ſame Node comes round to the Sun 19 days ſooner 
every year than on the year before. Conſequently, 
from the time that the aſcending Node X (when 
the Earth is at E) paſſes by the Sun as ſeen from 
the Earth, it is only 173 days (not half a year) 
till the deſcending Node / paſſes by him, There- 
fore, in whatever time of the year we have Eclipſes Which 
of the Luminaries about either Node, we may be okay phe 
ſure that in 173 days afterward we ſhall have fooner cvery 
Eclipſes about the other Node. And when at any hes —_ 
time of the year the line of the Nodes is in the be if the 
ſituation / & A, at the ſame time next year it will 3 
be in the ſituation rG 5; the aſcending Node hay- motion. 
ing gone backward, that is, contrary to the order 
of Signs, from A to s, and the deſcending Node 
from tor; each 194 degrees. At this rate the 
Nodes ſhift through all the ſigns and degrees of 
the Ecliptic in 18 years and 225 days; in which 
time there would always be a regular period of 
Eclipſes; if any .compleat number of Lunations 
were finiſhed without a fraction. But this never 
happens; for if both the Sun and Moon ſhould 
ſtart from a line of conjunction with either of the 
Nodes in any point of the Ecliptic, the Sun would 
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A period of 
Eclipſes, 


perform 18 annual revolutions and 222 degrees 
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over and above, and the Moon 230 Lunations and 
85 degrees of the 2 31ſt, by the time the Node 
came round to the fame point of the Ecliptic 
again: ſo that the Sun would then be 138 degrees 


from the Node, and the Moon 85 degrees from 


the Sun. 
320. But, in 223 mean Lunations, after the 
Sun, Moon, and Nodes, have been once in a line 
of conjunction, they return ſo nearly to the ſame 
ſtate again, as that the ſame Node, which was in 


conjunction with the Sun and Moon at the begin- 


ning of the firſt of theſe Lunations, will be within 
28” 12 of a degree of a line of conjunction with 


the Sun and Moon again, when the laſt of theſe 

Lunations is compleated. And therefore, in that 

time, there will be a regular 33 of Eclipſes, 
0 


or return of the ſame Eclipſe, for many ages.—In 
this period (which was firſt diſcovered by the 


 Chalgeans) there are 18 Fulian years 11 days 7 


hours 43 minutes 20 ſeconds, when the laſt day 
of February in Leap-years is four times included: 
but when it is five times included, the period con- 
ſiſts of only 18 years ten days 7 hours 43 minutes 


20 ſeconds. Conſequently, if to the mean time 


of any Eclipſe; either of the Sun or Moon, you 


add 18 Julian years 11 days 7 hours 43 minutes 


20 ſeconds, when the laſt day of February in Leap- 
years comes in four times, or a day leſs when it 
comes in five times, you will have the mean time 
of the return of the ſame Eclipſe.  . 

But the falling back of the line of conjunctions 
or oppoſitions of the Sun and Moon 28* 12” with 
reſpect to the line of the Nodes in every period, 
will wear jt out in proceſs of time; and after that, 


it will not return again in leſs than 12492 years. 


Theſe Eclipſes of the Sun, which happen about 
the Aſcending Node, and begin to come in at the. 


North Pole of the Earth, will go a little ſoutherly 
at each return, till they go quite off the Earth at 
| the 


of ps. _ * 


the South Pole; and thoſe which happen about 
the deſcending - Node, and begin to come in at 
the South Pole of the Earth, will go a little nor- 
therly at each return, till at laſt they quite leave 
the Earth at the North Pole. 

To exemplify this matter, we ſhall firſt coli 
the Sun's Eclipſe, March 21ſt Old Stile ( Aprit 1{t 
New Stile) A. D. 1764, according to it's mean 
revolutions, without equating the times, or the 
Sun's diſtance from the Node; and then according 
Fro it's true equated times. 
This Eclipſe fell in the open Jace at each 
Freturo,” quite clear of the Earth, ever ſince the 
creation till A. D. 1295, June 13th Old Stile, at 
12 h. 32 m. 59 ſec. poſt meridiem, when the Moon's 
ſhadow firſt touched the Earth at the North Pole; 
the Sun being then 175 48” 25” from the Aſcend- 
ing Node.— In each period ſince that time, the 
Sun has come 28” 12” nearer and nearer the fame 
Node, and the Moon's ſhadow has therefore gone 
more and more ſoutherly.— In the year 1962, July 
18th Old Stile, at 10h. 36 m. 21 fee. p. m. when 
the ſame Eclipſe will have returned 38 times, the 
Sun will be only 24 45, from the Aſcending 


2 


fall a little northward of the Earth's center. At 
the end of the next following period, A. D. 1980, 
July 28th Old Stile, at 18 h. 19 m. 41 ſec. p. m. 
the Sun will have receded back 3 27” from the 
Aſcending Node, and the Moon will have a v 

ſmall degree of ſouthern Latitude, which will cauſe 
the center of her ſhadow to paſs à very ſmall matter 
ſouth of the Earth's center. After which, in 
every following period, the Sun will be 28” 12” 


the period laſt before; and the Moon's ſhadow will 
go ſtill farther and farther ſouthward,” until Sep- 
tember 12th Old Stile, at 22 h. 46 m. 22 ec. P. m. 
A. D. 26653 when the Eclipſe will have com- 


Node, and the center of the Moon's ſhadow will 


Farther back from the Aſcending Node than in 


Loan it's. TO periodical return,” and will go 
quite 


: ö 4 
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quite off the Earth at the South Pole (the Sun 
being then 17 55 22 back from the Node) and 
it cannot come in at the North Pole, to as to begin 
the ſame Courſe over again, in leſs then 12492 
years afterward— And ſuch will be the caſe of 
every other Echpfe of the Sun: for as there is 
about 18 degrees on each ſide of the Node within 

: Which there i is a poſſibility, of Eclipſes, their whole 

4- revolution gocs through 36 degrees about that 
Node, which taken from 360 degrees, leaves re- 
mainin 2 324 degrees for the Eclipſes to travel in 
ex panſum.. And as this 36 degrees is not gone 
through in leſs than 77 periods, which takes up 
1388 years, the remaining 324 degrees cannot be 
10 gone through in leſs than 12492 years. For, 
as 36 is to 1388, ſo is 324 to 12492. 

321. In order to ſhew both the mean and true 
times of the returns of this Eclipſe, through all it's 
periods, together with the mean Anomalies of the 

Sun and Moon, at each return, and the mean and 

true diſtances of the Sun from the Moon's Aſcend- 

ing Node, and the Moon's true Latitude at the 

true time of each New Moon, I have calculated 

the following Tables for the ſake of thoſe who may 

chooſe to project this Eclipſe at any of it's returns, 

according to the rules laid down in the. 15th 

Chapter; and have thereby taken by much the 

greateſt part of the trouble off their hands, —A|! 

the times are according to the Old Stile, for the 

ſake of a regularity which, with reſpe& to the 

nominal days of the Months, does not take place 

in the New: but by adding the days difference of 

Stiles, they are reduced to the times which agree 
with the New Stile. 

According to the mean (or ſuppoſed equable) 

motions of the Sun, Moon, and Nodes, the Moon's 

| ſhadow in this Eclipſe would have firſt touched the 

Earth at the North Pole, on the 13th of June, 

A. D. 2295, at 12h. 52 m. 59 ſec. paſt Noon on 

the meridian of London; and would quite my -n 

art 


. 
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Earth at the South Pole, on the 12th of September, 
A. D. 2665, at 23 h. 46 m. 22 ſec. paſt Noon, at 
the completion of it's 77th period; as ſhewn by 

the firſt and ſecond Tables. ; 
But, on account of the true (or unequable) mo- 
tions of the Sun, Moon, and Nodes, the firſt 
coming · in of this Eclipſe, at the North Pole of the 
Earth, was on the 24th of June, A. D. 1313, at 
3 h. 57 m. 3 ſec. paſt Noon; and it will finally 
leave the Earth at the South Pole, on the 31ſt of 

July, A. D. 2593, at 10h. 25m. 31 ſec. paſt 
Noon, at the completion of it's 72d period; as 
ſhewn by the third and fourth Tables.—So that, 
the true motions do not only alter the true times 

from the mean, but they alſo cut off five periods 
from thoſe of the mean returns of this Eclipſe. 
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Ir ABLE I. The mean 7 New Moon, 77775 1 T mean yy 44 Th of the | 
Sun and Moon, and the Sun's mean Diſtance from the Moons Aſcending 
Node, at the mean Time of each periodical Return of the Sun's Eclip/e, | 
March 21, 1764, from it's firſt coming upon the Earth: fince the Crea- 
tion, illi it falls right againſt the Earth's center, according to the Old Stile, | 

15 _ <} Mean Time of "Sun's mean Möon's mean{$Sun's mean Piſt. 

2 S 35 New Moon. ir: OY ] Anomaly. from the Node. 
8 — — —.— — 
289k Month. D. H. M. 8 Js o g's F 

. 3 , nn 
o [1277|June* 2 5 9 39/1 17 57 410 1 26 31 42} © 18 16 40 
1 [1295}June 13 12 52 59/11 28 27 380 1 23 40 151-0 17 48 27 
2 313 June 23 20 36 109 0. 3-57 35 1 20 48 56] o 17 20 15 
3 [1331}July 4 19 3e 0.19 27 32 1 17 57 3/ o 16 52 2 
4 [1349|July: 1 12 2 59 0 29 5% 26] 1 15 6 1<.o I6 23 50 

5 [1367|July 26 19 46 19 1 10 27 260 1 12 14 47} 0 15 55 37 
6 1385 Aug. 6 3 29 39] 1 20 87 23} 1 9 23 24/0 15 27 25 
7 1403 Aug. 17 11 12 59 2 , 27 2c| 1 6 32 1 14,59 12] 
8 [1421}Aug., 27 18 56 19] 2 1157 / 1 3 40 38 014 31 0 
9 1439 Sept. 8 2 39 39] 2 22 27 14] 1 0 49 15/0 14 247 
1457|Sept. 18 10 2 59} 3 2 57 11] © 27 57 52] 0 13 34 35 
147 5[Sept. 29 18 6 1g] 3 13 27 $ o 25 6 29 0 13 6 22 
1493|Oct. 10 1 49 39] 3 23 57 5 o 22 15 ( o 12 38 10 
I Oct. 21 9 32 59] 4 4 27 -2| 0 19 23 43} 0 12 9 57 
1529 Oct. 31-17 16 19] 4 14 56 * o 16 32 200 O 11 41 45 
1547 Nov. 12 © 59 40] 4 25 26 560 0 13 40 5% 0 11 13 32 
15650 Nov. 22 8 43 of 5 5 5 53] © 10 49 34] © 10 45 20 
1583 Dec. 3 16 26 2o| 5 16 26 5c} o 7 58 cf 0 10 17 7 
16010 Dec. 14 o 9 40 5 26 55 47 0 5 6440 948 55 
[1619jDec. 25 7 53 0 6 7 26 44jo 2 15 25/0 9 20 42 
16380 [an. 4 15 36 2o| 6 17 56 410/11 29 24 2] o 8 52 301 
[1656|Jan, 18.23 19 40 6 28 26 38071 26 32 390 0 8 24 17 
1674 n. 26 7 3 o| 7 8 56 35/11 23 41 140 7 56 5 
4.692 Feb. 6 14 46 200 7 19 26 32/11 20 49 53/0 7 27 52 
41710 Feb, 16. 22 29 400 7 29 56 29011 17 58 30 © 6 59 40 
1t728\Feb;728 6 13 of 8 10 26 26111 15 7 0 6 31 27 
1746 Mar. To. 13 56 20| 8 20 56 23/11 12 15 4440 6 3 15 
LS rea en 2 39 4009 1 26 20011 9 24 210 5 35. 2 
1782 4 Tt is 99.11 56 1111.6 32 580 5 650 
e t 43 6 20 9 22 26.44/11 3 41 3500 438 37 
Iz [1818;Aprs* 22 20 49 40010 2 56 111 © 50 1200 4 10 25 
31 [1836|May 3 4 33 9/10 13 26 81027 58 4g] o 3 42 12 
| 1r85 May 14-12 16 20fro' 23 56 5/10 25 7 2600 3 14 0 
11872/May -24 19 59 4011 4 26 2j10 22 16 3 2 45 47 
34 [1890 Jave*.5 3 43 9/11 14 55 59/10 19 24 400 2 17 35 
I 35 11908} June 15. 11 26 20 11 25 25 56 10 16 33 17 0 1 49 22 
_ 4926 June 26 19 9 40. © 5 55 53/10 13 41 54/0 1 21 10 
413 104% 7 2 $3.9] © 16 25 50% 0 1050 3100 o 52 57 
7 24 2 OY 10 299 2c o 26 55 47110 7 59 800 o 24 45 
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F 74 BLE It. Fhe — — of New Moon, with oa 


on 
the Sun and Moon, and the Sun's mean Diſtance from the Moon's 2 
Node, at the mean Time of each periodical Return of the Sun's Eclip/e, March 
21½, 1764, from the mean Time of it"s falling right againſt the Earth's ten 
ter, till it finally leaves the E arth, according to the- Julias or Old Stile. 
ee Mean Time of dun's mean Moon's mean guns mean Diſt 
5 2 =. 28 New Moon. Anomaly. | Anomaly.” | from the Node. 
. EE bo PE IT 
# $]* $[Month.D.H.M.S.|s'0' "1s. 0 Os 0 * 1 
139 July 28 18 19 4.1 7 25 44[10 5 7 45/11 29 56 33 
40 9 2 3 1 17 55 41½½0 2 16 22/11 29 28 20 
41 19 9 46 21] 1 28 25 3819 dons EEE: 
42 30 17 29 41] 2 8 55 36/9 26 33 36/1 28 31 55 
43 4 10 113 / 2. 19 25 33] 9 23 42 13[i1 28 3 43 
44 21 8 56 21] 2 29 55 32] 9 20 50 50/1 27.35 30 
45. 1 16 39 4i] 3 10 25 27] 9 17 59 27Þi1 27 7 18 
'46 |: 13 0 23 1] 3 20 55 24/9 15 8 4Ji1 26 39 6 
47 23 8 621] 4 125 219 12 16 41111 26 10 53 
48 . 3 15 49 411 4 11 55 180 99 25 10/10 25 42 46 
49 | 13 23 31 1] 4 22 25 15] 9 © 33 56/1 25 14 28 
50 | 25 7 16 2105 2 55 129 3 42 33/11 24 46 15 
51 5 14 59 41] 5 13 25 9f 9 51 10111 2418 3 
52 16 22 43 11 23 55 7] 27 59 4711 23 49 56 
53 27 6 26 21] 6 4 25 48 25 8 24/11 23 21 38 
54 7 14 94116 14 55 8 22 17 1111 22 53 25 
HH 17 21 53 1] 6 25 24 58] 8 19 25 38/11 22 15 13 
50 29 5 30 21] 7 5 5455] 8 16 3115/11 21 57 of 
57 8 13 19 41 7 16 24 52] 8 13 42 52111 21 28 48 
58 19 21 3 117 26 54 49 8 10 51 29111 21 0 35 
59 2 4 46 21] 8 7 24 46] 8 8 oo 611 20 32 23 
60 13 12 29 42] 8 17 54 43] 8 5 8 43/11 20 4 10 
61 23 20 13 218 28 24 40] 8 2 17 20/11 19 35 58 
62 4 356 22] 9 8 54 37] 7 29 25 57114 19 7 45 
63 14 11 39 421-9 19 24 34/7 20 3434111 18 39 33 
| 04 25 19 23 2| 9 29 54 31] 7 23 43 1111 18 1 20 
65 © 3 622010 10 24 28] 7 20 51 48011 17 43 8 
66 17 10 49 42jlo 20 54 25] 7 18 25/1 1½ 14 gal. 
67 27 18 33 2 124 22) 7 1 9 21x 16 40 4 
68 8 2 16 22011 11 54 19 7 12 17 39111 16 18 37 
69 18 9 59 42]!1 22 24 177 9:26 160% 75 50 I; 
70 29 17 43 20 25447 34 5 15 22 
71 10 1 26 22] © 13 24 11] 7 3 43 30 14 53 5 
172 21 9 9 42] 0 23 54 807 0 52 7/1 14 25 41 
73 3116 53 2| 1 424 $| 628 o 44|11 13'57"28 
174 12 © 36 22] 1 14 54 2] 6 25 9 21/1 13 29 66% _ 
75 22 8 19 421 25 23 59] 62217 5811.13; 1 3. 
{4 76 2 16 3 2| 2. 5.53 56] 6 19 26 35114 12. 32-80] - 
177 12 23 46.22| 2.16 23 5316 16 35 12]11. 132 4-39 g 
"S> * 8 * „ SPM I "* 
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ABLE II. The true Time of New Moon, with the Sun's true Diftance 
1 from the Moon's Aſcending Node, and the Moon's true Latitude, at tb“ 
true Time of each periodical Return of the Sun's Exliꝑſe, March 21/7, Q1d|. 
Seile, A. B. 1764, from the Time of it's ff coming upon the Earth ſince] | 
+ the Creation till it falls right againſt the Earth's cenler. 
N 82 True Time of Sun's true Diſtance Moon's true Latitude, 
| 2.5 Neu Moon. from the Node. North. 
12 5] 2.]Month. D. H. M. S. LESS oa. e e 
12 — — — — * a 2 — | 
o [1295|June 13 21 54 32] 0.18 40 54] 1 33 45 N. A. 
1 131 ane 24 3 57 3] © 17 20 22] 1,29 34 N. A. 
2 i3z;iſſuhy 5 10 42 8 0 16 29 35} 1 25 20 N. A. 
3 4e lh 15 17 14.15] © 15 34 18] 1 2 45 N. A. 
4 4 j1367}July 20 23 49 24/0 14 46 8] 1,.16 39 N. 4. 
Þ 5 bzssſaug. 6 6 41 17] © 13 59 43] 1 12 43 N. A. 
6 [140;| Aug. 17 13 32 19] o 13 16 44 1 9 3 N. . 
7 [1421|Aug. 27 20 30 17] 0. 12 37 4 L.- $2:48. N, A, 
|. 8 [1439]5ept. 8 3 51 46] o 12 1 54] 1 2 4% N. A. 
9 [1457|Sept. 18 10 23 11] o 11 30 271 0, 58 53 N. A. 
| ro [1475]Sept. 29 17 57 7] o 11 3 56 57 43 N. A. 
| rx [1493jOR. 10 144 30 10 41 55] 0 55 49 N. A. 
| 12 [1521 = 21.9 29-531 0,.190 P 8; NA. 
13 [152c|Oct. 31 17 9 18} 10 11. 27/0 53 12 N. A. 
| 14 [1547]0v. 12 © 5! 25 0-10 1 10 o 52 9 N. A. 
15 [1565]Nov. 2 8 54 5% 9 52 4% 5 4 N. A. | 
1158 [1583]Dec. 3 16 48 17] 9 48 4% 51 11 N. 4 
17 [1601]Dec. 14 0 51 5 9 43 42] 50 49 N. A. 
J 18 619] Dec. 25 85459 0 9 40 2340 50 31 N. A. 
19 [1638] [an. 94 29.50 110 9 34 5719 50 3 N. A. 
20 [1656|Jan. 16 0 54 41] © 9 29 244 49 57 N. A. 
121 1674 lan. 26 8 48 244 0 9 19 44% 48 44 N. A. 
122 1692 Feb. 6 16 36 28 © 9 8 588 0 47 49 N. A. 
23 1710jFeb. 17 O 8 37] © 8 54 2c} o, 46 44 N. A. 
24 [1728|Feb. 28 7 43 40% © 8 34 53% 44 52 N. A. 
1 25 [1746|Mar. 10 15 14 33] 8 10 38] © 42 40 N. A. 
26 [1764|Mar. 20 22 30 26] 7 42 14] 40 18 N. 4. 
| 27 782 Apr. 1 5 37 4% 7 9 270 37 28 N. A. 
28 sc Apr. 11 12 36 38] © 6 35 30 34 31 N. A. 
29 18180 Apr. 22 19 27 34% 5 51 480 30 43 N. A. 
5 30% 8 22 7% 5 5 5 26 40 N. A. 
Ii üs Na 14 8 50 4% 4 19 45] 9, 22 4 N. 4. 
nn 350, 3 26: zl 0, 18 1 NA. 
133 18900lune 4 22 8 % 2 35 50 0 13 34 N. A. 
4 4 [1908/June 15 4 38 23 0 1 41 43% 8 54 N. A. 
| 35 zs June 26 11 13 5| 0 o 4 38] 4 10 N. A. 
On account ot the differences between the mean and true New Moons, 
hind between the Sun's mean and true Diſtances from the Node, thi 
"Moon's ſhadow falls even with the Earth's center two periods ſooner i 
chis Table thao in the firſt. EOS i 
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CABLES IV. The true 7 „ New Moon avith the Sas 5 7 Diftance| 
from the Moon's Aſcending Node, and the Maon's true Latitude, at each peri-. | 
dical Return of the Sun's Aclipſe, March 21 up, Old stile. A. D. 1951 from 55 
it's falling AY againſs the Farth's center, till it final lea ves the Earth. 12 
* 2 * ' Irue lime ot an 5 true Dine Nen ede Laticnde . f 
8 > New Moon. | > from the Node.. |. „ 
1248 OY ——— „ what nfl 
285 Month. D. H. M. S.Ts o oOo South. 
36 194% Jaly 6 17 50 35 1 29 „ 
"Fr goes Toi. 1% , , 8 
38 rose July 28 7 18 531 28 11 3200 9 29 S. A. 
39 1998 Aug. 8 14 12 2211 27 25 410. 13 25 S. A. 
40 010% Aug. 18 21 14 5311 26 42 1640 17 18 8. A. 
If 4! 034] Aug. 30 4 25 4511 26 2 of 0 20- 48, S. A. 
| | 42 2052] Sept. 9 11 45 17ji1 25 26 4600 23 53 S. A. 
1 f/ Sept. 20 19 17 26011 24 55 40 26 39 S. A. 
44 08 Oct. 1 2 57 81 24 27 43] 0 28 58 8. A. 
45 [2100] Ot, 12 10 47 39] 24 4 3800 3) 2 Os A. 
46 [2124] Oct. 22 18 37 40] 23 48 28] 0 22 25, 8. A. 
47 21420 Nov. 3 2 55 19 23 35 11% 33 53 S. A. 
48 2100 Nov. 13 11 11 20 23 22 220 34 42 8. A. 
49 [2175] Nov. 24 19 36 14/11 23 18 57% 0 35 0 8. A. 
, 
Fr 122340 Dec, / C 3s 43 %4 
52 [22 :2FDec, 25 20 29 gfit 23 6 47]0' 36 1 8. A. 
D [01:23 099 fe 36:48 S. 4. 
54 {2209} Jan, 17 14 1% $]1t 23, O 44% 36 35 S. A. 
55 2287] lan. 28 22 43 36111. .22., 53 c$1.Q:' 37 -.40 $S, &. 
56 [2305|*eb. 8 7, 8 30% 22 44 44|0. 37 59 8. 4. 
157 ;; fed. 19 15-7 chit 22 31 10 39 8. A. 
15s 2341 Mar. 2 0 6 5˙1 22 175 4010 40 29 S. A. 
| 4 | 59 [359] Mar. 13 7 59 17]11 21 55. 2% 42 9 8. 4. 
0 [2377] Mar. 23 15 51 59%fl 21 39 40% 43 41, S. A. 
161 [239:]Apr. 3 23 45 fi 21 © 53 46 58 S. A. 
62 2413] Apr, 14 7 32 4eſit' 20 26 22] © 49 48 S. A. 
63 24370 Apr. 25 15 12 57% 19 47 34 53 17 S. A. 
64 [2449] May 5 22 45 14] 19 6 220 56 50 S. A. 
65 [2407] May 17 6-17. 30] 18 21 1661 0 40 S. A. 
66 [2485] May 27 13 46 2911 7 34 20] K 42 8. A. 
67 [2503] Jane 9 zi 10 ghar 4694 0 9 3 SAM. 
68 [2521 June 18 4 24 421 15 51 481 13 26 SA, 
59 253% Jane 29 1 58 4% 18, 1 11 74 SAN 
„ a9 24 57 fil "14 9 [1 22 6: &. A&A. Þ 
71 [2575] july 21 2 52-3411 13 19 2201 26 16 8. A. 
72 [25930 July 31 10 25 3 12 13 43/1 31 44 SA, 
0 25111 Aug. 11 17.58 360it 11 43 131 1 36 13 8. A. 
By the true Motions of the Sun, Moon, and Nodes, this Eclipſe goes off the 
Earth four Periods ſooner thanit would have done by mean equable Motions, 
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mern, T0 ola this a little farther, we malle exa- 


I . mine ſome of the moſt remarkable circumſtances 
en Belle, © of the returns of the Eclipſe which happened 
Lale, by © e Fuly-144-1748, about noon. This Eclipſe, after 

ie; 66 traverſing the voids of ſpace from the Creation, 
” « at laſt began. to enter the Terra Auſtralis Incog- 


was the laſt of King Srrrnzx's reign; every 


a 


Chaldean period it has crept more "northerly, | 
te but was ſtill inviſible in Britain before the year 


<« 1622; when on the goth of April it began to 
e touch the ſouth parts of England about 2 in the 
- * afternoon; it's central appearance riſing in the 
« American. South Seas,. and traverſing Peru and 
4 the Amazon's country, through the Atlantic ocean 
s into Africa, and ſetting in the Ethiopian conti- 
ce nent, not far from the beginning of the Red Sea. 
was after three Chaldean 
the firſt of June, riſing 
«« central in the Atlantic ocean, paſſing us about 
eg in the morning, with four + Digits eclipſed on 
and ſetting in the gulph of 


It's next viſible per oF 


«*:the under limb; 
* Cochinchina 1 in the Eaſt· Indies. 


It being now near the Solſtice, this Eclipſe 


< was viſible the very next return in 1694, in the 
* evening 5 
<« in 1730, on the 4th of July, was ſeen above half 
« eclipſed juſt after Sun-riſe, and obſerved both 


t at Nirtemberg in Germany, and Pekin in China, 


e ſoon after which it went off. 


Eighteen years more afforded us the a 


& which fell on the 14th of Zuly 1748. 
The next viſtble return will happen on Fuly 


| 7% 25, 1766, in the evening, about four Digits 


6 if eclipſed ; and after two periods more, on Auguſt 


* The 5 ine period of 18 years It days 7 bows 43 minutes 
20 ſeconds, Which was Jound out by the Chalazans, and by 
them called Særos. 

+ A Digit 3 is a twelfth part of the diameter of the Sun or 


een. 2 5 


3 


and: in two periods more, which was 


416th, 
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te 16th, 1802, early in the morning, about five 
„Digits, the center coming from the north frozen 
„continent, by the capes of Norway, through 
« Tartary, China, and 7 to the Lindrone A 
te where it goes off. 
Again, in 1820, Auguſt 6, — Ah one and 
te two, there will be another great Eclipſeat London, 
about 10 Digits; but happening ſo near the 
« Equinox, the center will leave every part of 
e“ Britain to the Welt, and enter Germany at Emb- 
igen, paſſing by Venice, Naples, Grand Cairo, and 
* ſet-in the gulph of Baſſera near that city. _ 
It will be no more viſible till 1874, when ſize! 
« Digits will be obſcured (the center being now 
e about-to leave the Earth) on September 28. In 
1892 the Sun will go down eclipſed at London, 
and again in 1928 the paſſage of the center will 
« be in the expanſum, though there will be two 
« Digits.eclipled at London, October the 3 iſt of 
« that year; and about the year 2090 the whole 
« Penumbra will be wore off; whence no more 
e returns of this Eclipſe can happen till after a re- 
« yolution of 10 thouſand years. | 
From theſe remarks on the intire aan; 
of this Eclipſe, we may gather, that a thouſand 
6 years, more or leſs (for there are ſome irregula- 
e rities that may protract or lengthen this period 
“100 years) complete the whole terreſtrial Phe- 
* nomena of any ſingle Eclipſe: and ſince 20 pe- 
« riods-of 84 years each, and about 33 days, com- 
* prehend the intire extent of their revolution, it 
eis evident that the times of the returns will pals 
through a circuit of one year and ten Months, 
« every Chaldean period being ten or eleven days 
later, and of the equable appearances about 32 
* or 33 days. Thus, though this Eclipſe happens 
„about the middle of Fuly, no other ſubſequent 
* Eclipſe of this period will return to the middle 
e of the ſame month again; but wear conſtantly 
4 each period 10 or 11 days forward; and at laſt 


7 ” appear 


* 
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<< appear in Winter, but then it begins to ceaſe. 
<« from affecting us. 


e Another concluſion from this revolution may 


ebe drawn, that there will ſeldom be any more 


<« than two great Eclipſes of the Sun in the interval 
<« of this period, and theſe follow ſometimes next 
< return, and often at greater diſtances. That of 
<« 1715 returned again in 1733 very great; but 


this preſent Eclipſc will not be great till the 


« arrival of 1820, which is a revolution of four 
<< Chaldean periods: ſo that the irregularities of 
< their circuits muſt undergo new computations to 
<« aſſign them exactly. 

« Nor do all Eclipſes come in at the fouth Pole : 
« that depends altogether on the poſition of the 


lunar Nodes, which will bring in as many from 


e the expanſum one way as the other; and ſuch 
% Eclipſes will wear more ſoutherly by degrees, 


e contrary to what happens in the preſent caſe. 


" Why our 
2 Ta- 
les agree 
not with 
ancient ob- 
ſervations. 


he Eclipſe, for example, of 1736, in Sep- 
„ tember, had it's center in the expanſum, and ſet 
« about the middle of it's obſcurity in Britain; it 
« will wear in at the north Pole, and in the year 
2600, or thereabouts, go off in the expan/um on 
& the ſouth ſide of the Earth. | 
The Eclipſes therefore which happened about 
ce the Creation are little more than half way yet 
te of their ethereal circuit; and will be 4000 years 
ce before they enter the Earth any more. This 
« grand revolution ſeems to have been nx 
* unknown to the antients. 
322. lt is particularly 2 0 noted, that Eclipſes 
6: which have happened- many centuries ago, will 


e not be found by our preſent Tables to agree ex- 


ee actly with antient obſervations, by reaſon of the 
« great Anomalies in the lunar motions; which 
« appears an inconteſtable demonſtration of the 
ce non-eternity of the Univerſe. © For it ſeems con- 
« firmed by undeniable proofs, that the Moon now 
©. finiſhes ber * in leſs time than wtf 
ee an 


. 


Of Eclipſes: 
« and will continue by the centripetal law to ap- 
« proach nearer and nearer the Earth, and to go 
« ſooner and ſooner round it: nor will the centri- 
e fugal power be ſufficient to compenſate the dif- 


. ferent gravitations of ſuch an aſſemblage of 


« bodies as conſtitute the ſolar ſyſtem, which would 


| « come to ruin of itſelf, without ſome new regu- 
| < lation and adjuſtment of their original motions *, 


323. We are credibly informed from the teſti- Tua 
4 mony of the antients, that there was a total Eclipſe. 


« Eclipſe of the Sun predicted by Thal Es to hap- 
« pen in the fourth year of the 48th + Olympiad, 
r F!!! — 


"SALE 


— 


_* There are two antient Eclipſes of the Moon, recorded by 


Prolemy from Hipparchus, which afford an undeniable proof of 


the Moon's acceleration. The firſt of theſe was obſerved at Ba- 
bylon, December the 2 2d, in the year before CurisT 383: when 
the Moon began to be eclipſed about half an hour before the 
Sun roſe, and the Eclipſe was not over before the Moon ſet : 
but by moſt of our Aſtronomical Tables, the Moon was ſet at 
Babylon half an hour before the Eclipſe began; in which caſe, 
there could have been no poſſibility of obſerving it. The ſe- 


cond Eclipſe was obſerved at Alexandria, September the 229, the 


ear before CHRIST 201 3, where the Moon roſe ſo much eclipſ- 
ed, that the Eclipſe muſt have begun about half an hour before 
ſhe roſe : whereas, by moſt of our Tables, the beginning of 


| this Eclipſe was not till about ten minutes after the Moon roſe 


at Alexandria, Had theſe Eclipſes begun and ended while the 
Sun was below the Horizon, we might have imagined, that as 
the antients had no certain way of meaſuring time, they might 
have been ſo far miſtaken in the hours, that we could not have 
laid any ſtreſs on the accounts given by them. But, as in the 


| $r| Eclipſe the Moon was ſet, and conſequently the Sun riſen, 


before it was over; and in the ſecond Eclipſe the Sun was ſet 


| and the Moon not riſen, till ſome time after it began; theſe are 
!  fach circumſtances as the obſervers could not poſſibly be miſtak- 


en in. Mr. Strayk, in the following Catalogue, notwithſtand- 
ing the expreſs words of Prolemy, puts down theſe two Eclipſes 
as obſerved at Athens; where they might have been ſeen as 
above, without any acceleration of the Moon's motion : Athens 


being 20 degrees Weſt of Babylon, and 7 degrees Weſt of Alex- 


Da. ; 6 2 | 
+ Each Olympiad began at the time of Full Moon next after 
the Summer Solſtice, and laſted four years, which were of un- 


equal lengths, becauſe the time of Full Moon differs 11 days 


every year : ſo that they might ſometimes begin on the _ 
: | | 7 


1 


— 


f Felipſes 


ce either at Sardis or Miletus in A/ia, where Traits 
6 then reſided. That year correſponds to the 
&« ;8:th year before Cuts r; when accordingly 
“ there happened a very ſignal eclipſe of the Sun, 
„ on the 28th of May, anſwering to the preſent 
« 1oth of that month *, central through Nor th 
& America, the ſouth parts of France, Italy, &c. as 
« far as Athens, or the Iſles in the Ægean Sea; 
* which is the fartheſt that even the Caroline Tables 
carry it; and conſequently make it inviſible to 

« any part of Ala, in the total character; though 
L have good reaſons to believe that it extended 
& to Babylon, and went down central over that city. 
We are not however to imagine, that it was ſet 


day after the Solſlice, and at other times not till four weeks 
after it. The firſt, Olympiad began in the year of the Julian 
Period 3938, which was 776, years before the. firſt year of 
CnRISsT, or 775 before the year of his birth; and the laſt 


Olympiad, which was the 293d, began . D. 393. At the ex- 


piration of each Olympiad, the Olympic Games were celebrated 
in the Elean fields, near the river Alpheus in the Peloponne/as 
(now Morea) in honour of JuriTER OLyMPUs, See SrRAU- 
caivs's Breviarium Chronologium,. p. 247—25l. _ 


1 - * = * 


The reader, may probably find it difficult to Undeynand 


why Mr. 8211 7H ſhould reckon, this Eclipſe to have been in the 
4th, year of the 48th Olympiad, as it was only in the end of the 


third year: and alſo. why the 28th of May, in the 585th year 


before CHRIS, ſhould anſwer to the preſent, 10th of that Month. 
But we hope the following explanation will remove theſe difficul- 
The month of May (when the Sun was eclipſed) in the 5 85th 
year, before the firſt year of CHRIST, which was a Jeap-year, 
fell in the latter end of the third year of the 48th Olymprad ; 
and the fourth year of that Olympiad began at the Summer 
Solſtice following: but perhaps Mr. Smith begins the years of 
the Olympiad from January, in order to make them correſpond 
moe readily with Julian years; and ſo reckons the month of 


May, when the Eclipſe happened, to be in the fourth year of 


that Ohmpiad. g 
Tbe Place or Longitude of the Sun at that time was 8 29 
43 177, to which ſame place the Sun returned (after 2300 
years, viz.) A. D. 1716, on May, 9% 5.6" after noon: fo 
chat, with reſpect to the Sun's place, the gth of May, 1716, 
.anſwers to the 28th of May in the 585th year before the firſt year 
of Cyr1sT; that is, the Sun had the ſame Longitude on both 
- thoſe days, Zo a 


ks; 


„e 
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Lc before it paſſed Sardis and the Afatic” towns, 
ee where the predictor lived; becauſe an inviſible 

4 Eclipſe could have been of no ſervice to demon- 

& ſtrate his ability in Aſtronomical Sciences to his 
„ countrymen, as it could give no proof of it's 
324. For a farther illuſtration, Tuvcvpprs 3 
4 « relates, that a ſolar Eclipſe happened on a Sum- kcliſe. 

* mer's day in the afternoon, in the firſt year of 
the Peloponnefian war, ſo great, that the Stars ap- 

4 peared. ' RixopIvs was victor in the Olympic 

e games the fourth year of the ſaid war, being alſo 

 « the fourth of the 87th Olympiad, on the 428th 

ce year before CuRIsT. So that the Eclipſe muſt 

« have happened in the 43 iſt year before CHRIST; 
and by computation it appears, that on the 3d 

4 of Auguſt there was a ſignal Eclipſe which would 

| « have paſſed over Athens, central about 6 in the 

| « evening, but which our preſent Tables bring no 

* farther than the antient Syrzes on the African 

„ coaſt, above 400 miles from Athens; which 

| « ſuffering in that caſe but 9 Digits, could by no 

cc means exhibit the remarkable darkneſs recited 

„ by this hiſtorian ; the center therefore ſeems to 
have paſſed Athens about 6 in the evening, and 
probably might go down about Feruſalem, _ 

|< near, contrary to the conſtruction of the pre- 8 
„ fent Tables. I have only obviated theſe things 

| © by way of caution to the preſent Aſtronomers, 

in re- computing antient Eclipſes; and refer them 

to examine the Eclipſe of Nicias, fo fatal to the 

| © Athenian fleet“; that which overthrew the Ma- 
cedonian Army +, Sc.“ So far Mr. SIT. 
2325. In any year, the number of Eclipſes of both The nums 
! Luminaries cannot be leſs than two, nor more than ber of Eclip - 
ſeven; the moſt uſual number is four, and it is 
very rare to have more than fix. | For the Sun 
{paſſes by both the Nodes but once a- year, unleſs 


j _ * Before Cyrisr 413, Auguſt 27. 
f F Before CurtsT 168, Jane 21, 


he 


77 


18 
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he paſſes by one of them in the beginning of the 


year; and if he does, he will paſs by the ſame Node 
again a little before the year be finiſhed ; becauſe, 
as theſe points move 19 degrees backward every 
year, the Sun will come to either of them 1 73 days 
after the other, & 319. And when either Node is 


within 17 degrees of the Sun at the time of New 
Moon, the Sun will be eclipſed. Ar the ſubſe- 


quent oppoſition, the Moon will be eclipſed in the 
other Node; and come round to the next conjunc- 
tion again ere the former Node be 17 degrees paſt 
the Sun, and will therefore eclipſe him again. When 
three Eclipſes fall about either Node, the like 
number generally falls about the oppoſite ; as the 
Sun comes to it in 173 days afterwards: and fix 
Lunations contain but four days more. Thus, 
there may be two Eclipſes of the Sun and one of 
the Mocn about each of her Nodes. But when the 
Moon changes 1n either of the Nodes, ſhe cannot 
be near enough the other Node at the next Full 
to be eclipſed; and in ſix lunar months afterward 
ſhe will change near the other Node: in theſe caſes 
there can be but two Ecliples in a year, and they 


are both of the Sun. | 


326. A longer period than the above-mentioned, 
§ 320, for comparing and examining Eclipſes which 
-appen at long intervals of tinte, 18 £57 years 21 
days 18 hours 30 minutes 11 ſeconds, in which 


time there are 6890 mean Lunations; and the Sun 


and Node meet again ſo nearly as to be but 11 ſe- 
conds diſtant : but then it is not the ſame Eclipſe 
that returns, as in the ſhorter period above-men- 


_ rioned. 


327. We ſhall ſubjoin a Catalogue of Eclipſes 
recorded in hiſtory, from 721 years before CHRIST 
to A. D. 1485; of computed Eclipſes from 1485 


to 1700; and of all the Eclipſes viſible in Europe 


from 1700 to 1800. From the beginning of the 
Catalogue to A. D. 1485 the Eclipſes are taken 


from Sraurk's Introduction to univerſal Geography, 


Cf Eclipſes. 


as that indefatigable author has, with much labour, Anccount 


/ 


239 


collected them from Ptolemy, Thucydides, Plutarch, in — fol . 


Calviſius, Xenophon, Diodorus Siculus, Juſtin, Polybius, hy of 


Titus Livius, Cicero, Lucanus, Theophanes, Dion, 
Caſſius, and many others. From 1485 to 1700 the 
Eclipſes are taken from Ricciolus's Almageſt : and 


from 1700 to 1800 from L' Art de verifier les Dates. 


Thoſe from $7ruy# have all the places mentioned 
where they were obſerved: T hoſe from the French 
authors, viz. the religious Benedictines of the Con- 
gregation of St. Maur, are fitted to the Meridian of 
Paris: And concerning thoſe from Ricciolus, that 
author gives the following account: 

« Becauſe it is of great uſe for fixing the Cycles 
or Revolutions of Eclipſes, to have at hand, with- 
out the trouble of calculation, a lift of ſucceſſive 
Eclipſes for many years, computed by authors of 
Epbemerides, although from Tables not perfect in 
all reſpects, I ſhall, for the benefit of Aſtronomers, 
give a ſummary collection of ſuch. The authors I 
extract trom are, an anonymous one who publiſhed 
Epbemerides from 1484 to 1506 incluſive: Jacobus 
Ptlaumen and Jo. Steflerinus, to the Meridian of Ulm, 
from 1507 to 1524: Lucas Gauricus, to the Lati- 
tude of 45 degrees, from 1534 to 1551: Peter 
Appian, to the Meridian of Ley/ing, from 1538 to 
1578: Jo. Steflerus, to the Meridian of Tubing, 
from 1343 to 1554: Petrus Pitatus, to the Meri- 
dian of Venice, from 1544 to 1556 . Georgins-Foa- 
chimus Rheticus, for the year 1551: Nicholans Simus, 


to the Meridian of Bologna, from 1552 to 1568 : 


Michael Mzſilin, to the Meridian of Tubing, from 
1557 to 1590: Jo. Sladius, to the Meridian of 
Antwerp, from 1554 to 1574 : Fo. Atria Mapi- 
uus, to the Meridian of Venice, trom 1581 to 1 630: 
David Origan, to the Meridian of Franckfert on the 


Oder, from 1595 to 1664: Andrew: Argol, to the 


Meridian of Rome, from 1630 to 1700 : Franciſcus 
Montebrunuz, to the Meridian of Bologna, from 1461 
to 1660 : Among which, Stadius, Maſtlin, and Ma- 

ginus, 


clip ſes. 
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5 


nic and Tyebonic; Montebrunus the Lanſbergian, as 


wi ELD 


_ cording to our common way of reckoning, 


likewiſe - — of Darts. 
aps OTE. 


But, that the places may readily be know for 
Which theſe Eclipſes were computed, and from what 


Tables, conſult the following Liſt, in which the 
yon eee are allo 15 down. 6 


bum 10 | | 
1485 1506 The place and author Wee 


1507-1553. Ulm in Suabia, from the Alpbonſine. 
-1554 1576 Antwerp, from the Prutenic. 
1577 1585 Tubing, from the Prutenic. 
21586 1594 Venice, from the Prutenic. 


1695 1600 Francgfort on the Oder, from the Prutenic, 


1601 1640 Franckfort on the Oder, from the 7, Fehonic, 
1641 1660 Bologna, from the Lanſbergian. | 


E 2661 1700. _ from the Delete SH 
; Wie 


S0 far RiccioLus, 


NV. B. The Eclipſes at} with an Aſteriſk are 


"not in RiccioLus's Catalogue, but are Topped 
from L Art de verifier les Dates. 


From the beginning of the 8 to > 4 — 
1700, the time is reckoned from the noon of the 


day mentioned to the noon of the following day: 


but from 1700 to 1800 the time is ſet down ac- 
Thoſe 


marked Pekin and Canton are Eclipſes from the Chi- 
ne/echronology according toSTRUYK ; and through- 
Eine Table this mk 6 | Ggnifis Sus. and 


this » Moon. 17 +. 


- — w al * © # 
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f, "Fat. |Ecliples of the Sun | TMiddle Digits | A 
and Moon 2 ſeen at ti. M. ſeclipſed 


* 
8 * - ” , 


— 


mmm 


10 34 
11 56 
10 18 
18 
12 
12 
12 


Babylon 
Babylon 
Babylon 
Babylon 
Babylon 
Babylon 
Babylon 
Athens 
Athens 
Athens 
Athens 
Athens 
Athens 
Pekin 
Gnide 
Athens 
Athens 
Athens 
Thebes 
Syracuſe 
Zant 

Zant 
Arbela © 
Sicily Iſland 
Myfia | 
Per amos 
Sardinia 
Fruſini 
Cumis 
Athens 
Athens 
Athens 
Rome 
Rome 
Rome 
Athens 
Macedonia 
Rhodes 
Rome 
Rome 
Gibraltar 
Canton 
Rome 
Rome 
Rome 
Rome 


* 
* 


= . CCCECEEEER | 


6 ſetting Central 
3 41 Total 
2 1 9 2 

io o Total | 

14 —| Total 

13 521 6 471 

 S$TRUYYE's 


— 


ö 
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12 Eci ſes of the Sun Middle "Digits 
Chr. 1 ſeen at u. . o. H. M. ſeclipſed = 
I Rome ye Aug. 20] ſetting Gr. Eel. 
29 Canton | 1 Jan. 8 4 2142 Of 
28. Pekin June 13]23 48 Total | 
26 Canton ad. 23] 4 16011 15 
i 24 [Pekin April 71 4 11 2 © 
| 16. Pekin ES; Nov. 1 | 5 13 2 8 
2 [Canton e Feb. 120 811 42 
5 Aft. 3 | "1% | 
Chr, 3 2 TE [ | 
II pekin June 10] 1 10/11 43 
5 Rome Mar. 28} 4 13] 4 45 
14 Panonia . | Þ sept. 26117 15 Total | 
4 27 [Canton A45July 22F 8 56 Total 
30 Canton Nov. 1319 20/10 30 
40 [Pekin Apr. 30} 5 $9] 7 34 
| 45 |Rome. July. 3122 1 5 17 
46 [Pekin July 21122 25] 2 10 
| 46 Rome bee. 31] 9-52]. Total | 
49 Pekin Ie May 200 7 16010 8 
53 [Canton e Mar. 820 4211 6 
{ 55 [Pekin eh 12]21 60 6 40 
| 56 |Canton Dec. 25 © 28 20 
59 Rome | Apr. 30f 3 810 38] 
| 60. Canton eco. 13} 3 31010 30 
65 Canton e Dec. 15/21 5010 23 
| 69. | Rome doc. 18 10 43110 49 
| 70 [Canton Sept. 22j2t 13] 8 26 
71, Rome D |Mar. 4] 8 32} 6 of 
| 95 [Epheſus [5 jMay 21 — x 0 
'} | 1125 Alexandria April 5 9 16] 1 
1 | 1133 Alexandria DI May 6111 44 Total 
| 134 Alexandria Dock. 2011 5/10 19 
[130 | Alexandria +» [March 5015 56} 5 17 
| 1237 | Bologna April 12} ——| Total 
238 {Rome April 1120 20] 8 45 
290 | Carthage 1S:jMay 15 3 2011 20 
304. Rome { Þ [Aug. 31] 9 36] Total 
316 Conſtantinople Dec. 3019 53] 2 16 
_ $334 Toledo . [£3 | July 17jat noon] Central 
4 343 4 Conſtantinople [ Odt. BSfig 24] 8 of 
360 Iſpahan | 1] Aug. 2718 of Central 
304 Alexandria {| Þ ;{Nove 25 15 24 Total 
4491 Rome 'Þ [June 11 Total 
401 Rome DDec. 612 15 Total 
* 40 [Rome ' June 18 43/10 2 
—— ů — ee CE EnIIE 
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b : |Eclipſes of the Sun] Nai — | 
Chr. land Moon f. M. & B. | Middle [Digits | 
= R — = 15 75 N ae | 
| { 402. ome - | | 4 
21 | 2 Nov. 1020 3 NE [1 
1447 [Compoſtello TS Dec. 221 © 32 10 30 fl 
"$45"; Compoſtello April f 16 MINE. {1 
451 Compoſtello 15 Sept. 2b 6 34 19 5214 
1458 [Chaves 12 „„ 
A 462: Compoſtell \ — May 27 23 16118 53 
| | 464 Chaves 5 4 March 113 211 11: 
$434 Conſtantinopl „„ 
0 486 Conſt 1 Jan. 1319 53/10 ᷣ 
1407 ee E May 19 1 10 5 151 
15172 S april 18) 6 7 57 
- | ntinople June 28023 3 el 
| | 538 England 3 1 50 
| : $540 Fond N J&|]feb. jig —| 8 23 
577 Tours el 19% 151.2 — 
$581 Paris | : — 10417 2816 46 
285 582 Paris 155 » gn 4; 13 33 6 421 
9e — 85 gle + Total 
118 onſtantinople March 1822 5 3 
14622 Conſtantino le T ug. 12 3 I 11 20 
644 |Paris Fn 8 Feb. 111 28} Total 
080 Paris 1 Nov. 5% 0 30] 2 83 
683 paris Bran 
693 Conſtantinopl Is ip 15 65 30 Total | 
5 716 [Conſtantinople 9 an. 1 3281 go 541 
718 [Conſtantinople june 3 5 e þ 
733 [England | 3 15 Total 
8 The Aug. 13120 — 
1734 England | 3 B 
752 England | 3114 Total 
ö 1898. D [July 3003 — Total 
5 8 June 822 — 
' 4753 England | 10 3 
| (753 [Englan 7 [Jan ; 
{700 England A . T3 Total 
| + 760 engen 15 2 n 
1764 [England War 40! 
{770 | London RF 
| | 774 | Rome 15 Ne 6 102.7. 31 Total 
784 | London ly ove 22114 37111 58 
| 3 787 |Conſtantinople © „ - 
300 — 4 8 1 Re 27116 + Total 
4 An. IC * | 
| EO % % 4 84 
. ) Keb. 2513 43/ Total 
| | 809 Paris 5 2 Aug 2110 20 Total 
| _ 7 809 [Paris | July 15}21 333 8 
J 310 paris { > | Dec. 25] 8 — Total 
2 OI aris 3 Zune 20] 8 — Total | 
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- JEclipſes of the Sun) , | | Middle Digits | 
and Moon ſeen at j L H. * E 
I Nor. Total 

Paris 1 3 14 Total 
I Conſtantinople - Lo 8 
5 18 10 35 
Paris DIF Total 
318 [Paris 1% 6 35 
$20 [Paris 15 61 Total 
Paris ID Total 
Paris » Total 
28 [Paris 1» Total } 
Paris | 4.8 118 
Paris 1 4 24 
Paris : | I Total | 
Fulda 'Þ Total 
Paris 48 9 20 
Paris 8 g. 24 
Paris 15 Total 
Paris 45 Total 
Paris 1 Total 
Paris 15 Total 
paris 18 11 14 
Arracta | » * 
Conſtantinople A 9 23 
Conſtantinople 25 Io 30 
Arratta 412 Total 
London 4D Total 
London D o] Total 
London 1. Total 
Paris 9 Total 
Paris 4 11 36 
Paris 12 10 7 
Paris 1 Total 
Rhemes CS 9 18 
Conſtantinople | & 11 22 
London |» Total 
Meſhina 2 4 10 
Conſtantinople + | 4# 8 40 
Fulda 3335 3 
Im. „ 11 10 
Conſtantinople IE 18 5 
Augſburgh 1» Total 
Ferrara 15 Total 
Meſſina 1 132 
Nimeguen 0 Total 
Nimeguen * — ea 
{© | Cologne 5 38 Total 


f Rae. 
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Akt. 


Chr. 


1023 
1030 


| 1031 


1033; 


1034 
1037 


1039] 


1042 
1044 
1044 
1056 
1003 
1074 
1080 
1082 


{1086 
1089 


1093 
1090 
1096 
1098 
1099 
1103 
1106 
1107 
1109 
1110 
1113 
1114 
1117 


1117 


1118 
1121 


Eelipſes of the Sun 
and Moon ſeen at] 


London 8 
Rome 
. 
Paris 
Milan 
Paris 
Auxerre 
RN 
Auxerre 
Cluny _. 
Nurem burg 
Rome 
Augſburghh 


London 


Naples 
Augſburgh 
Gembluors 
Augſburgh 
Augſburgh 
Naples 
Rome 
Erfurd 
Naples 
Erfurd 
London 
ſeruſalem 
London 
Trier 
Trier 
Naples 
Triers 


1122 Prague 


1124 
1124 


1132 
1133 


1135 
1142 
1143 
1147 
1149 
1151 
1153 


Ks, 


Erfurd 
London 
Erfurd 
Prague 
London 
Rome 
Rome 
{Auranches 
Bary 
Eimbeck 
Augſburgh 


Paris 


i. ad N 


Conſtantinople hs, 


Conſtantinople 


7 


Jan. 

Feb. 

Feb. 
Dec. 
June 
April 
Aug. 


Nov. 


Nov. 


Oct. 


Nov. 
May 
Feb. 


June 


22 


April 


I. & P. [Ml 


23 
20 


9 
8 


4 


. 
Nov. 


Middle 


23 


9111 
Total 
14 Total 


12411 
- 9] Total 
Fold 9: ; 


32110 


Total | 


111 


Digits | 


— 


S313: #7] 
8 Total 

5410 451: 
#9341” ;! oa: 
9] Total! 
1 


IO 


Total 
9 36 
2 


| Total 
10 


Total 
10 12 


Total 


Total 


54 
Total 


12 


9 


Total 
Total 


Total 
4 11 
Total 
3 49 
8 39 
9 59 
Total 
3 23 


M. ſeclipſede 


124 
Total 


10 201 
Total 


1 Total! 
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a | & 
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At. jEclipſes of the Sun ul D. E ae ul 


Chr. and Moon ſeen at 
1154|Paris 1 
1155 Auranches 
1100 Rome | 
1161 Rome | 
41162 Erfard 
1162 Erfurd 
1163] Mont Caſſin 
1164 Milan 
1168] London 
1172 Cologne 
11760 Auranches 
1176] Auranches 
1178 Cologne 
1178] Auranches 
11780 Cologne 
1179 Cologne 
11180 Auranches 
11810 Auranches 
11810 Auranches 
1185 Rhemes 
1186 Cologne 
1186 Franckfort 
1187 Paris 
1187 England 
11189 England 
1191 England 
11920 France 
France 
London 
London 
London 
England 
Saltzbu 
Mes 
Rhemes 
Vienna 
Cologne 
Acre 
Acre 
Damiẽtta 
Rome 
Colmar 
Naples 
Naples 
London 
Rhemes 


. 
1 
. 2 


Per. 21 30 4 42 Ef 
June 16 45 - 
Auguſt 18] 7 53 
Auguſt 7 15 
Feb. 1} © 
July 27 
July 3 
June 6 
Sept. 18 
Ni 5 
pril 25 
Ot. 19 
March 5 
Auguſt 29 
Sept. 12 
Auguſt 18 
15. 28 
ſu I 
Dec. ke 
May 1 
April 5 
April 20 
March 25 
Sept. 3 
Fed. 2 
June 23 
Nov. 20 
Nov. 10 
April 22. 
lan. 2 
June 17 
April 15 
Oct. 10 
Feb. 27 
=. 3 
Nov. 21 
March 16 
Feb. 18 
March 5 
July 9 
Ott. 22 
April 16 
Dec. 27 
May 13 
Nov. 21 
1 1 
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8 


2 
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Ait. |Eclipſes of the Suncſ 9 1 Digits 
Chr. [and Moon ſeen at M. ob H. M. 275 
11245 Rhemes | July 24]17 47] 6 — 
1248 London D June 7] 3 49] Total 
pd, London DIJuly 20] 9 47] Total 
11255 Crptantinople Dec. 30] 2 52[Annul.| 
{1258|Augſburgh, - d [May 1811 17 Total l 
1261 Vienna 2 March 3122 40 9g 8 
1262 Vienna | Þ [March 7] 5 50 Total 
1262] Vienna | Þ | Auguſt 3014 39] Total 
1263 Vienna | DjFeb, 24] 6 52] 6 291 
12630 Augſburgh J Aaguſt 5 3 24/11 17 
1263 Vienna 5 Auguſt 20] 7 359 7 
1265 Vienna 13 |Dec, 2316 25 Total 
11267 e [May 24123 1z|11 40 
12700 Vienna N 22118 47]10 40 
1272 Vienna D Auguſt 10 7 27] 8 53 
1274 Vienna D Jan. 2310 399 25 
[1275 Lauben {Þ |Dec. 4 6 2of 4 29 
1276| Vienna 1D |Nov. 2215 —| Total 
1277 Vienna | D [May 18] ——| Total 
1279 Franckfort April 12] 6 55ſao 6 
12800 London | | March 17]12 12 Total 
| 1284 Reggio |] |Dec. 23]16 11] 9g 13 
1290 Wittemburg Sept. 519 37/10 30 
1291 London | )|Feb. 1410 2 Total 
1302 Conſtantinople Jan. 140/10 25 Total 
130% Ferrara | E April 222 18] o 544 
[1309] London q ÞjFeb. 24/17 44 Total 
130 Lucca Auguſt 21110 32 Total 
1310 Wittemburg 18 lan- 3112 210 10 
1310 Torcello |) Feb. 14] 4 8j10 20 
1310 Torcello j DJ Auguſt 1015 33] 7 16 
[£312] Wittemburg 1£| Joly 419 49] 3 23 
1312 Plaiſance |) | Dec. 14] 7 19 Total 7 
1313 Torcello _. | ÞjDec. 3| 8 589 34 
1316 Modena 1 )}Ot, 114 55 Total | 
1321| Wittemburg 12 be 2518 1011 17 
1323 Florence |] Dj May 20/15 24 Total 
1324| Florence » | May 95 3| Total | 
1324 Wittemburg April 23] 6 351 8 8 
11327 Conſtantinople D [Auguſt 3118 26] Total 
13280 Conſtantinople Feb. 2513 47 11 — 
13300 Florence 55 or 32015 10] 7 34 
1330 Conſtantinople July 16 4 5/10 43 
1330 Prague | Þ jDec. 2515 49] Total 
133i Prague Nov. 2920 2606 7 4 
i331 Prague DI Dec. 14118 — [If — 
e | R 4 OTRUYK'S 
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Wittemharg | 
Ceſena 
Conſtantinople 


Conſtantinople 
Alexandria 
Wittemburg 
Wittemburg ; 
Florence 


Eugibio 
| Augſburgh 


|Augiburgh 
Forli 


Conltantinople 
| Conftantinople - 


Forli 


Vienna 
Wittemburg 
Franckfort 
Forli 
Forli 0 

24] Wittem urg 
HE 
Wittemburg | 
[Wittemburg 
Rome 


Tubin 


Vienna 
Auſtr ĩa 


60 Auſtria 


Vienna 
Vienna 
Rome 
Viterbo 
| Viterbo 
Padua 
Rome 
Rome 
Rome 


14 Norimburg b 


TEellpics of the Sun 
and Moon ſeen at 


I - 
2 ; * 
N 
— 


. 


Conſtantinople 


Conſtantinople * 
Sienna — 205 


5 98088888 


— 


Conſtantinople 


ö Conſtantinople 


——————— 


yes 
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Middle Digits 
M. * D. H. 15 | 
May 1443 — io 18 
April 19110 33 Total 
Nov. 2312 23] Total | 
ee. Io] & © 39] 
May 20414 27 Total 
Ot. 618 go] 8 55 
June 302 20 Total 
Sept. 16020 45 8 43 
Feb. 1611 43 Total 
May 422 15] 8 54 
Jan. N. 8 27 Total 
Nov. . $117 5 Total 
Jan. 11] o 16 6 22 
June 2111 10 Total 
Oc. 291 0 439 — 
June 1113 — 10 31 
June 1518 1 11 38 
Oct. 1821 47 9 3 
April 15] 3 1110 48 
March 201 4275 Total 
June 6 6 43 Total 
March 25 22 5 1 45 
Feb. 178 2 Total 
„„ oh 27 
June 26 3 571 20 
Ped. 12[-8 845 46 
June 17] 5 — Total 
Sept. 18020 59] 8 7 
Dec. 17 3 56 Total 
Auguſt 2822 23; 8 53 
July 24| 7 19] Total 
Sept. -3]11 17 Total 
July 3] 7 31 s 23 
July 1717 32j11 19 
Dec. 2713 30 Total 
June 2211 50 Total 
Dec. 17 Total 
June 1115 — 7 38 
Nov. 21] of 100 2 6 
April 2112 43 Total 
Sept. 20 '5 15 8 46 
Oc, 4 : 12 Total 
Jan. ; 27 g; Total | 
March 10 
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*. 


mY 


_ 
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Of Edlipſes, 


2 the following EC LIPS ES are taken from Riccrotvs, except 
- thoſe marked with an Aﬀteriſk, which are from L' Art de 122 


les e | 10 f ; 
| Acc. | 7 Middle | Digits Alt. E Middle Digits |. 
Chr. Þ H. ef Chr. u. RE) Dig) f 
6 — — — — — — : 
1486] Þ|Feb.18] 5 41 1 1508 May 296 — * 
1486} Mar. 517 43 o i508) UJane 1217 40 Total | 
1487 Þ }Feb. 7115 49 Total 11509] Þ|jJune. 2j11 117 00 
1487 July 20 2 667 off1509}#%, Nov.11|22 —| © ; 
1488] D JJan. 2886 —| * [1510] J| Ot. 1619 —| * ; 
1488 July 8/17 3<| 4 1511 Od. 6]11: 50 Total | 
1489 D Dec, 77 41 Total ||1512] DSept. 251 3 56 Total 
1490 May 19 Noon | * 1513 Mar. 7] o 30 6 of 
11490] D June 210 6 Total || 1513] July 30] 1 — © 7 
1490 Þ |Nov.26[18 25 Total || 1515] D Jan. 2g|15 18] Total 
1491 [Mar. 80 2 19] g {| 1516] ) Jan. 19] 6 » Total 
{14914 Þ Nov. 1518 bed 11516 D [July 13|11 37 Total 
1492 Apr. 207 —| *. 1516 Dec. 23 3 47] 3 0 
1492 [Oct. 2022 —: . [1517 June 1816 — * | 
1493 D [April 1114 o Total || 1517] » [Nov. 2719 —| *® | 
11493 Oct. 101 2 40 8 1518 DIMay 2411 19] 9. 11} 
1494 Mar. 7] 4 12 4 „15180 June 7j17 5611 of 
1494] D {Mar.21|14 38| Total || 1519] May 28} 1 —| ® 
1494 Þ [Sept.14|19 45 Toral || 1519] Oct. 23] 4 33] © of 
1405 ) {Mar.to[16 —{| “.. 15 19 )|Nov..6] 6 24 Total 
[1495] Avg. 19% 7 —| * 152% d[May 2| 7 —| ® 
1496] Þ Jan. 2914 — * 1520 Oct. 11] 5 22 3 | 
11497] D | Jan, 18] 6 38 Total ||1520] )]OR. 2519 —| *® 
1497 | July 290 3 23 0{|1520] Þ|Mar.21}i7 —| * 
11499] 0 Pune 22117 —| ® 15210 April 6jig —| *® _ 
1499 Aug. 2318 —| * - [|1521|$£|Sept.3o|. 3 —| * | 
[1499] Nov. 1710 —þ * 1522| D Sept. 512 17 Total 
150 % Mar. 27] In the] Night 1523 D Mar. 1] 8 20 Total | 
1500] Þ | Apr, 11 At] Noon 1523 ) Aug. 25 15 24 Total 
150 DON. 5114 2010 1524 Feb. 4] 1 —| * | 
tzor} Þ [May 2|17 49 Total 15241 D{4ug.16]16 —| * 
I5Cc2| i Sept. 3o[ig 4510 01525 Jan. 23 4 —| ® 
So ]) Oct. 15[12 20 2 1525) July 4j10 10 Total 
1503] DIMar. 1249 — * 1525 D Dec. 29010 46 Total. 
1503 £53 Sept. 19 22 — =. | 1520 » Dec. 18 10 3O Total 
1504] ) | Feb. 29013 36 Total 1527 1 Jan, 2134 
1504 Mar. 1663 — * 1527 DDec. 710 — ® 
1505] Þ Aug.14 8 18 Total ||1528| May 1720 — ] 
1506 D Feb. F315 - * [1 529 D Oct. 16 20 2311 55 
150% | July 20 3 112 „1530 Mar. 2818 23 8 24 
i506] Aug. 30 — * [15301 Oct. 612 11 Total 
50% Jan. 1219 — ® [153 April 17 5 
ellen. 2] 4 —| *__ ee 49] 2 2 
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: | Middle] Digits 
} Middle © |-Dipi ts Aft. 4 M. KD. ; | 
ap. IH, M. epi [Chr . JEZ 
5 1856S Nov. 1018 of 9 4 
| Þ | Aug. 4 11 50 | Total | 19765 nd _— 44 2 55 
| By Aug. 19 17 ; 5 | 45 1557 82 OR; 20120 — * | 
5 — 250 1 25 Total 1885 D April 211 © 1 
don | 2 Apr. 18] 1 — 
© [7800 30] — : 11555 py Ave 36 4 50 Total 
"A? a, hs FE | r56c| » Mar. 11015 40| 4 
8 5 18 . 2 8 1560 Aug. 21 1 „ 83 
4 — G 2110 15} 1560} Þ | Sept. 4] 7 — N 
DNov. 27 8 21 Totaſ | 1561 22 Feb. 13 19 #5 ©. 
$2 brooke. 8 22 * 11562 Feb. 35 e 
183% D [Nov. 1014 56 Total 1862] July 1515 50 Total 
585 M 14 243 1563] Jan. 22119 
AF Nov. 6 4 1 3 371563] [June 200 4 59 8 
4 . 8 eig 9 of 1563] 0 | fuly 5] 8 411 
. ay 75 by Total 1565 Mar. 7112 53 
5 Fab 16 5 Total 1565 ) May 1416 vs * 
F | -6] Ice DD Nov. 7112 4011 
5 lar + 8 e ; 38 12680 1 Oct. 28 5 38 To 
» on | 1 : ＋ 386) April 8023 49 34 
85 Sul G —1 * 1567] ) |OR. 170/13 43] 2 
| 4/1 ie 18 13J Total || 1568 Mar.28| 5 — = 
1544] 5 lag. 9118 13] Tots 13695 Mar. 25 16 Total 
l 8 310 Totat 1570 D Feb. 20] 5 46 Total 
5 Ber ; 8 1 Total 1570 Aug. 15 9 17 Total 
1544 D Pec. 281 7 Fe Slag 43 4 1 
1405 B 088 1 * 1572 £ Jan. 149 —| © a 
1466 30 5 | * | une 259 of 5 2 
1546| £ |May 39] 5 E 15706 Jew i - wy 7 
1546] £# |Nov.22123 15 3 0157706 (Nor. 24 4 — 4 
e 5601 3441573] D Dec. 8 6 Fi Total 
15 8 Nos 10 5 47 9 36 15744 [Nov. 13 3 50 $ 21 
N N * = | 34.0 © | oy Ma I ww 
1545|& | April 8 : 24] Total was mm. z 32 * 
154800 e 1 10 4 1878 5 Os. 71 6— 
ia nene 1577 5 LApril 20 8 33 Total 
ele Ma 51260 —| * 1577) D |Sept.20113 4 Total 
12h 5 Feb 2 8 za Total || 1578} Þ 4 t. 15113 4} 2 20 
1551] Feb. 20 e eee ee 
ane 1 22||1579] Aug. 2019 © 1 
i 8 lh i 3 2 15800 ) Jan. 3110 7 Total 
TH bor / if 1111581 5 Jan. 19] 22 Total 
1553, 18. 20 6 4 be : 1581] D| July 151917 51 Total 
Pers Dee. B 10 12 ||1582] | Jan. 8010 29] © 5 
e 3 trons 4 i 4 Total || 1582] June 9 18 7 
| foes : 70 by 1 —1 * 11584! D Nov. 28121 51 Total! 
1 555 It — 1311 ö ne | — 


R1ccioLvus's 


Of Ecipfes:. © 251 
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Middle | Digits aft. Digits 
wclip MED. H. M.ſectipſed |} 


JH. M. ſeclipfe Chr. 
g}18 20 | 36160 
14 5] al ||x601 
1601 
1601 


June 15 | | 1: 4 521 
June 29 China 4 29 
Dec. 9 10 53 F 
Dec. 24 2 
May 21 
June 4 
June 19 N. 
Nov. 13 M 
Nov. 28 
May 10 
May 24 
Nov. 3 
Nov. 18 
Apr. 20 Arabia 
Oct. 22 Peru 
April 3 9g 19 
Apr. 18 Madag: 
Sept. 27 4 27 
DR. r2| 32 
Mar. 8|Mexico 
Mar. 2411 17 
Sept. 2 Magel. 
Sept. 2 Magel. 
15 6 
21 48 
6 36 
15 40 
at the 
5 *-y0 
4 39 
1 
rs, 
12 
July 30 S 
Dec. 26 
Jan. 9 
june 20 
july 5 
Dec. 15 
Dec. 29 


— 


EEE Een os 
- OO ww 


mJ] O\D © mn 


— 


Picora 
18 12 
Mar. 622 12 
Aug. 161 8 15 
Aug. 3 1 Magel. 
Feb. 10[017 21 
July 22] 4 31 
Aug. 6 [ 
| Jan. 15 Java 
Jan. 300 6 160 
July 10 

Jan. 4 . — 


47 
Califor. 
10 38 
23 38 
3 22] 9 
Magel. | 
Magel lanica 

Ricciouus's 


— 8 8 S 
be EEE 


Of Eclipſes. 
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20 


1 [Middle | Digits: {] Aft. | IAiddle Digits 
4 . M.&D. . M. e Chr.“ ura. H. M. — 
» May 4 o 35 Total 1625 Mar. 8 Florida bis t : 
May 19] - Eaftj Tartary|| 1625| Þ Mar. 2314 1 
Oct. 13] South] Amer. 1625 Sept. 1 St. Pe ter's Iſl. 
[1 5 Oct. 28 4 19] Total || 1625] D Sept. 1611 415 6 
1.614 |&* | April 8 N. Gui. 8 44 1626|$:|Feb. 25 Madzg. 8 27 
| D Apr. 237 -36| 5 25% 1626] )|Aug. 7 X41 0-55 
Oct. 3 0 57] 5 216260 Aug. 21 rin. Mexico 
40 Oct. 1 4 38] 4 561 1627] D|Jan. 301 38| 10 21 
& | Mar.2g| Goa 10 381 1627|&X Feb. 15 Magel lanica 
Sept. 22 Salom [Iſle 41627]D|July 27] 9g 4 Total 
D jMar. 3] 1 58 Total || 1627|$:| Aug.11| Tenduc 10 o 
Mar. 37 Mexico] 6. 47 1628] Jan. 6 Tenduc | 5 40 
Aug. 2615 33 Total 16280 [Jan. 20010 11 Total 
600 Sept. 10 Magel. 10 33 16280 C July 1 CGood Hope 
F Feb. 5 Mageljlanica {|| 1628] Þ| July 1611 26 Total 
D Feb. 20 1 49 Total 16280 Dec. 25| In Eng land 
Mar. 6122 — 16290 D lan. 981 364 27 
| 7 2 Aug. .1|Biarmiaj ® 1629 U June 110 Ganges 11 25 
Aug. 166 8 22 Total 1629 Dec. 14] Peru [io 14 
Jan. 26] Magelflanica || 1630| Þ |May 2517 56 6 0 
Feb. 9 3 29 2 571630 June 100 7 479 8 
july 21 Mexico 16300 Nov. 1911 249 27 
5 Jan 25] Califor nia 1630] Dec. 3 N. Gui. 10 10 
D June 2602 40 3 10/1631 Apr. 30 Antar. | Circle 
2 [July 11 Africa 11 39]| 1631] D]May 15 8 15 Total 
Dec. 2oſ15 53/10 47||1631]&z|OR, 24 |CGood Hope 
May 31] Arctic Circle || 1631] 0 [Nov. 8{12 Total 
June 1413 47 Total 1632 U. Apr. 19 C Good Hope 
June 29 Magel. | 7 201632 Þ[May 4| 1 24 6 35 
Þ [Dec. 9] 6 39 Total 1632 Odd. 13 Mexico 8 37 
Dec. 23] Magel jlanica 1632 D [Oct 27|12 23 5 31 
May 20014 54/0 4/6330 April 8] 14 4 30 
June 309 429 53/1633] Oct. 3 Maldiv. Total 
Nov. 13] Magel|lanica 1634] D [Mar. 1449 35 11 18 
Nov. 2815 43 3 3811634 [Mar. 28 Japan 10 1c 
& | May 10 C. Verd 11 521634, Þ Sept. 7 5 O To 
Nov. 2] Malac ca In. 1634 Sept. 5 9 54 
Apr. 14] 7 190 54}|1635]85|Feb. 17] Antar. | Circle 
Apr. 29 — 11635 ) |Mar. 3] 9 26 Total | 
Oct. 8j o 22} 8 35 1635 Mar. 18 Mexico] © 16 
Oct. 23 Califor- 10 46|| 1635|£#|Aug.12| Iceland] s o 
May 18 N. Zem. 6 1635 Aug 2716 41 Total 
I [April 3 7 9 Total 1636 Feb. 6 In Peru | 
Apr. 17 Antar. | Circle 1636 [Feb. 2011 34] 3 23 
Sept. 12 Magel| lanica 1636 Aug. 1 Tartary 11 
| Þ Sept. 26 8 55) Total L. Ds 3 
2 870 5 —— e a RiccioLvs's 
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© 5 £5 wn ibook bas. & bÞ a7 | 
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- 
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 OvAELDBLOLDLOBLOvDBRLDLADLAs 


7 — — ww. 


= 


A 


1 


end 
Jan. 26 
July 21 
Dec. 31 
Jan. 14 


July 11 
Dec. 5 
Dec. 20 


June 1 


Sept. 12 
Sept. 27 
Mar. 8 
Aug. 31 
Feb. 10 
Feb. 26 
Aug. 7 
— hea ts 
Jan, 16 
Jan, 30 


July 27 
Jan. 5 
Jan. 20 
July 2 
Dec. 25 
June 5 
June 20 
Nov. 29 
Dec. 13 


N. æD. FH. NI. leclipſed 


Jucutan 


June 25} 20 


June 15 
| Mage}, 


May 20|N. Spa. 
Peru 


April 3 


18 11 
July 1246 57 
6 © 2 


112 10: 


Middle 


— ——————————_—_—_ 


Cam 


Oo 44 
3 


r 
15 


3 39 
n 43 


57 


22 1 


0 35 
Str. of 


May 25 


Digits 


* 


— 


— — — 


M &D. 


Sos: 9 


Nov. 4 


Nov. 18 


1» 
"GY | 
$7 
» 
— 
D 
22 * 
I 
— 
D 
Ki 
$f 
D. 
» 
21 
125 
|» 
2. 
. d)) 
&| 
D 
Je 
» 
» 
FE: 
U 
HE 
0 
Is 
U 
I: 
9 
2 
— 
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| RicctoLvs's Catalogue of ECLIPSES. 


D. | Middle Digits Aft. * th” Middle Digits 
&D. H. M. eclipſed | Chr. MD.) M, 00 
2 
Foy Sept. 23 3611 19 1676 June 2516 26|——| 
Oct. 7 14 5117 4167“ [Dec. 420 52 — 
SF Mar. 19 17 8 [| 1677 [$3 Nov.2412 5— 
Et Apr. 12 8} —— || 1677 | » May 16016 25 8 17 
| D Feb. 21 16 11] 3 14111078] D May 665 30 — i 
1663 Mar. 9 5 47— 1679] D JO. 299 17 Total 
- $1663] Þ Aug. 18 8 45 Total 1679 Apr. 101 of ——| 
$1663] Sept. 1 8 8 1679 Þ [May 2511 53 5 47 
17664 #5 Jan. 27 20 40 1680 Mar. 2923 22] ——— 
$1654 | ) Feb. 11 3 16] —— || 1680] |Sept. 22] 7 57] ——| 
1664 HE July 2214 (8 —— 1681] D Mar. 4 Noon 
1654 Aug. 20 22 10] ——|| 1681 [4] Mar. 1913 43— 
665% Jan. 3018 4714 34 1681] D [Aug. 2815 22010 3; 
- $1665 % July 12 7 48 1681 [Sept. 1115 43] — 
11665 |) July 26.13 31 0 1016820 Feb. 212 28 Total 
11606 Jan. 421 33 — 1682] D Aug. 1718 56 Total 
11666 #3 | July 1,19 011 101683 Jan. 27 x 3510 30 
11667 þ June 5 Noon w——| [1683]|:) Feb. gf 3 39] ——| 
11667] ul — 2 32 —— 4683] ) [Aug. 620 36ʃ— 
1667 Nov. 1511 30 —— 1684 Jan. 166 34—— 
41668 & | May 10 Settin — 111684] Þ June 2615 18] 1 3; 
11668 y [May 25 16 5 9 32 $1684 |: 54 12] 3 26 Total 
1668 Nov. 4| 2 53 9 50684] Þ |Dec.2ij1i 186 9 4; 
11668 Nov. 180 3 54 6 457685 Jan. 416 — 
11669 Apr. 2918 18 —— 1685 D June 166 — 
* 1669] $3} Ot. 2410 13 —— 1685 D Dec. 1011 26 Total 
1670 Apr. 9g 7 — || 1686 [45 [May 2i|[i7 9g — 
1670 Sept. 1019 of ———|{1686| Þ [June 60 Noon - 
16700 Þ [Sept.28|15 439 7|[[1686] Nov. 2912 22 Total 
1670 Oct. 1312 1 — 1687 [ [May 11 bY 2 
$1671] Apr. 823 29. —— 1687 D May 2614 ＋ * 
. 11671 £5 Sept. 2121 25— 1687 U Apr. 15147 44 6 40 
1671 [Sept.18] 7 44 Total 1688 [ Apr. 2916 27 — 
672 Feb. 28 3 38. —— 1688] D Oct. Noon | —— 
- $1672; D Mar. 13 3 17 — 1680. 250 4 —— 
11672] Aug. 22 6 43 —— 1689} D Apr. 447 42 Total 
11672] Þ Sept. 6618 54 —— 689, ) }Sept.28{15 46 Total 
1673 ig | Feb. 16] 7 29 — 1690 © Mar. io | 
11673 Aug. 1121 44 —— 1690 D Mar. 241 14] 5 4 
14 1674 D Jan. 2118 2211 21 1690 | [Sept. 3 — 
47674/ % Feb. 559 4—— 1690 » Sept. 18 2 42] —— 
--11674] Þ | July 1749 40 Total 16914 Feb. 2717 30 —— 
11675 Þ Jan. 11] 8 291 Total {|1691 [Aug. 23 5 51 — 
141675 85 Jan. 25 [0 36 — 1692 | D | Feb. 2] 3 20} ——— 
167% Þ [July 6/16 31 Total 1692 Feb. 16j17 31] —— 
116712 lane 10121 26] 4 341022 | D {July 27j16 91 Tota 
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Tt. 1 Middle | Digits Af... |, Middle Digi 
Chr [M.&D. H. M. {eclipſed | Chr. M. Ee M. ſeclipled 


18 4 


U 
| 


1693 | D | Jan. 21]17- 25| Total 16960 Nov. 237 32 

1093 » | July 17 OON | —— 1697 ESY Apr. 20 14. 7 324 —— 
1694| D Jan. 11] Noon | —— 1697 D May 518 27|—— 
1694 | June 22 4 22 6 221697 Þ | Ott. 2908 44] 8 5 

1694 | D July 6013 gr] o 471698] Apr. 10] 9 13] —— 
1695 | May 11] 6 3 | 1698 Oct. 315 29 

1695 Þ [May 28] Noon | ——{[1699| D Mar. 15 8 1449 7 
1695 D Nov. 20 8 of 6 551699 [Mar. 30 2 © 

1695 | Dec. 517 7— 1699 Sept. 823 22 
169% Þ May 1612 45 Total 1699 Sept. 2322 389 58 
1696 £x | May 3012 56 | 3700| D |Mar.. 420 nf —— 
1696] D | Nov. 8117 30 Total 7 D Aug. 20 1 42 — 


The Eclipſes from STRUYK were obſerved ; thoſe from Riccio- 
Lus calculated: the following from L' Ari di verifier les Dates, are 
only thoſe which are viſible in Europe for the preſent century: thoſe 
which are total are marked with a 7; and A ſignifies Mornings 
A Afternoon. | 5 | | 


Viſible ECLIPSES from 1700 to 1800. 
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n | . — — — 

— a | * 2 
a re e. r Fr 
wary Days. for Night. i Days. ſor Night. 
1704 D | Feb. 22 11 4 17151 wed 31 9 ** 25 
1703] Jan. M. 1715] DNov. 11 « -+| 
85 » — 4 : M. T. 775 Dar. 27 'F- NX. 
1703 D | Dec. 23 ages So (00732 D May 20 6 A. ; 
M 
1 985 — May 1210 M. 14322 D Jan. 13 3 A. | 
i700} ÞJOR, 21] 7 A. P[{[1722] D June a9 3 M. 
170 D Apr. 17 2 M. 7. [17221 83 Dec. 8 $a. 1 
1170810 Apr. 5 6 M. 1722 DI Dec. 22 4 1 
1708 Dec. 14 8 M. 1724 May 22 7 A. T. 
1705 D Sept. 29 9 A. 1724/0 | Nov. 1 4M. |} 
1709 f Mar. 11 2 A. 725 D [Oct. 21 7 A. 
1720 Feb. 1311 A, 726 Sept. 25 6 A. 
1710 Feb. 28] 1 A. N 1726 ) [ Oct. 11 5 M. 
1711 | & | July 15 8 A. 1727 Sept. 15] 7 M. 
1711] D [July 291 6 A. 7. 1729 Fe 131 9 A. T. 
171240 [Jan. 23] 8 A. 1729 Dj Aug. gf I M. 
1713] D June 8B] 6 A. 1730 Feb. 4 4 M. 
1713! Di Dec. 2| 4 M. III zzII DI lune 2 2 M. 
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Of Zelipſes: Wes 


Viſible ECLIPSES from 1700 t to 1900; 


Aft. 
| Chr. 
| 


, — 


1732 
$1733 
$1733 
11735 


| 


| 


D 
OS 
» 
D 
» 
» 
* 


a 


0 
» 
— 
— 


» 
D 
D 
D 
D 
D 
. 
» 
» 
£7 
» 
9 
» 
» 
2 
0 
» 
» 
U 
» 
i 
1 
{7 
» 
$7 
» 
» 
» 
2 
» 


onthe | 25 of Att. e Tims of 
an e Day | an the Day | 
Days. or Night. N | Days. or Night. 
Dec. 1j1o A. T. 1764] Apr. 1]10 M. 
May 13 7 A. 1764} D Apr. 16 I NM. | 
May 28 7 A. 1765 Mar. 210 2 A. 
OR. 2| 1 M. 1765 C Aug. 16 5 A. 
Mar. 26012 A. 7.1766) Feb. 2447 A. 
Sept. 20 3 M. T. 1760 Aug. 5 7 A. 
Oct. 4] 6 A. 17680) Jan. 4| 5 M. 
Mar. 1| 4 A. 1768 | June 30] 4 M. T. 
Sept. 9 4 M. 1768] Dec. 23 4 A. T. 
Aug. 15 II M. 1769 June 40 8 M. 
Jan. 2411 A. 1769] D Dec. 13] 7 M. 
Aug. 4 5 A. ee Nov. 17/10 M. 
Dec. 30 ꝙ M. 1771] ) [Apr. 28 2 M. 
Jan. 13111 A. T. |j1771]. DO. 23 5 A. 
Jan. 112 A. 1972] Þ Oct. 11 A.T. 
Nov. 2| 3 M. 7.1772 Od. 2610 M. 
Aug. 26 9 A. 1773 Mar. 23 5 M. 
Aug. 300 12 A. 1773] D Sept. 30 7 A. 
Feb. 14] 5 M. 7.1774 [Mar. 1210 M. 
July 2511 M. 17252 July 31] 1 M. 7. 
Aug. 812 A. 1776 Aug. 144 5 M. 
Dec. 234 8 A. 1777 £5 |Jan. 9 5 A. 
Jan. 8] 9 M. 1778|$z|June24| 4 K. 
June 19] 9 A. T. ||1778] Þ Dec. 4] 6 M. 
Dec. 13] 7 M. 177 D May 30] 5 M. 7. 
June 9 2 M. 1779, June 144 8 M. 
Dec. 2110 A. 1779 3 8 A, 
May 13] 8 A. 1780} * Oct. 27] 6 A. 
Apr. 17] 7 A. 1780| Þ |Nov.12| 4 M. 
OR. 26110 M. 1781 Apr. 230 6 A, 
Mar. 28 1 M. 1781 [Oct. 17] 8 M. 
Feb. 4 6 M. 1782] ) [Apr. 121 KA. 
July 30 [12 A. 1783] D Mar. 180 9 A T. 
Jan. 24] 7 M.T. 1783 D Sept. 1011 A. T. 
ors $0; 7 M. 178440 Mar. 7] 3 M. 8 
June 24] 7 A. 1785 [Feb. of 1 A. 
Dec. 19 2 A. 178705 Jan- 3112 A. T. 
May 29 9 A. 1787 Jan. 19110 M. 
June 13 7 M. 1787 [June 155 A. | 
Nov.22| 9 A. 1787] Þ Dec. 24 3 A. | 
May 18 [11 A.,T. ||1788]#|June-4| M. 
May 8, 4 M. 1789 Þ |Nov. 212 A. 
Oct. 17] 8 M. 179 D Apr. 28012 A. T. 
Nov. 1] 8 A. [1790 Þ | OR. 23] 1 M. T. 
Apr. 13 $ M. 1791] | Apr. y” 1 A 


. 


of 2 Eel ipſes. | 
Viſble ECLI PS ES from 1700 to 1800. | 


SF 80 


| af | * Moahs| Time of aft. 4 Months| Time of: | 
Ait. | and the Day Chr, | and | the Day 
Car, | Days. {or Night. Days. or Night. 

| 1791] Oct. 12] 3  Wfi7g5] Feb. 44 M. 

7920 Sept. 1611 M. 1795] £2] July 16] 9 M. 
1793] Þ [Feb. 25 [10 A. 1795 »-| July 31] 8 A. | 

11793] Sept. 5] 3 4. [1797] June 25 8A. 

{1794 SE 331 4 As 4 (4797þ2/[Dec. . 

| 1794|-Þ [Feb. 14 11 A. MN 1798] D May 2] 7 A. 7. 

| 224 Laa 26 1. 2 — I — * . 
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328. A Lip of Bel 11 and 2 Brine, 
which bappened about the Ae Times, * 


ä CCIOLUS, 


9 Before Canis 


75⁵⁴ Yu 


132 


5 But according to an old Calen- 
dar, this Eclipſe of the Sun was on 


ſthe 2 iſt of April, on which day the 
Foundations of Rome we re laid; if 


we may believe Taruntius Firma- 
aur. 


721 Marcb 19] A 4 Eclipſe: of the Moon. 


The AMhrian Empire at an end; 
the Babylonian eſtabliſhed. 


„28 An Eclipſe of the Sun fore- Rigo, iel 


told by TRALESs, by. which a Feliypte. 
peace was brought about be- 


ſtween the Medes and Lydians. 
16] An Eclipſe of the Moon, 


| which was followed by way po 
of CaMBYSEs. 


19 An Eclipfe of rhe” Az 


- [which . followed by the 
laughter of the Sabines, and 
death of Valerius Publicol 


30 An Eclipſe of the Sun. The 


| Perfian war, and the falling offof 
| Jthe Perſians from the Egypriars. 
g: 156 We: 2 5 An 


> 
at 


| Before Car me 
431 pril 25 
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As Ecliple of the Moon, which 
was Globe by a great famine at 
Rome; and the Mining of the 


= Peloponneſian war. 


A total Eclipſe of the Sun. A 
Comet and Plague at Athens *. 
A total Eclipſe of the Moon, 


Nicias with his ſhip deſtroyed a 


Syracuſe. 
An Eclipſe of the Sun. The 
| Perſians beat by Conon in a ſea en- 
Igagement. 


A total Eclipſe of the Moon. 
The next day Perſins King of Ma- 


[ary 2 
The Stars were ſeen. A ſchiſm in 
the church, occaſioned by ther 


cedonia was conquered by * 


1 Emilius. 


An Eclipſe of the Sun. This i 


. ee. among the prodigies, on 
ſaccount of the murder of Agrip- 


Pinus by Nero. 
K — Eclipſe of the Sun. A 
ſign that the reign of the Gordian 


ju would not continue long. A-ixth 


11 of the Chriſtians. 

An Eclipſe of the Sun. The 
Stars were ſeen, and the Em pore 
| {Conftantius died. 

A dreadful Eclipſe of the Sun, 
And Lewis the Pious died within 
[fix months after it. 

An Eclipſe of the Sun. And 
"| Jonſalen taken by the Saracens. 
A terrible Eclipſe of the Sun, 


10 
. [ 
- 


being three Popes at once. 


This Eclipſe happened in the firſt year of the Pale. 


wefran war. 


* 


6 1 l 


Of Elipſes. = 259 
I have not cited one half of RrecroLus's The per- 


. 1 portentous Eclipſes; and for the ſame rea- Cn 

i ſon that he declines giving any more of them than anten 

e what that liſt contains; namely, that it is moſt — 
diſagreeable to dwell any longer on ſuch nonſenſe, _ | 

A and as much as poſſible to avoid tiring the reader: "3 — 


the ſuperſtition of the ancients may be ſeen by the 
few here copied. My author farther ſays, that 
there were treatiſes written to ſnew againſt what 
regions the malevolent effects of any particular 
Eclipſe was aimed : and the writers affirmed, that 
the effects of an Eclipſe of the Sun continued as 
many years as the Eclipſe laſted hours; and that 
of the Moon as many months. 

330. Yet ſuch idle notions were once of no ſmall ver fortu- 
advantage to CyrisToPHER COLUMBUS; who, in an 
the year 1493, was driven on the ifland of Jamaica, roraze 
where he was in the greateſt diſtreſs for want of grun 


1s proviſions, and was moreover refuſed any aſſiſtance 
On from the inhabitants; on which he threatened 
2 them with a plague, and told them, that in token 


of it, there ſnould be an Eclipſe: which accord- 
A ingly fell on the day he had foretold, and fo terri- 
2 fied the Barbarians, that they ſtrove who ſhould 
th be firſt in bringing him all ſorts of proviſions 
throwing them at his feet, and imploring his for- 
he giveneſs. 'RiccioLus's Almageſt, Vol. I. I. v. c. il. 


'Or 331. Eclipſes of the Sun are more frequent than wy, were 
of the Moon, becauſe the Sun's ecliptic limits are 2 2 | 
ble 1 
in. greater than the Moon's, $ 317 : yet we have more of che Moon 


un viſible Eclipſes of the Moon than of the Sun, be- 2 
cauſe Eclipſes of the Moon are ſeen from all parts 
nd of that Hemiſphere of the Earth - which is next 


3 her, and are equally great to each of thoſe parts; 
Jn, but the Sun's Eclipſes are viſible only to that ſmall 
in portion of the Hemiſphere next him whereon the 
er Moon's ſhadow falls; as ſhall be explained by and 

by at large. | 
- 332. The Moon's Orbit being elliptical, and 


| the Earth in one of i it's focuſes, ſhe is once at her — 
1 8 2 Lleaſt ö 


PLATE leaſt diſtance from the Earth, and orice at her 
KI. greateſt in every Lunation. When the Moon 
8 changes at her leaſt diſtance from the Earth, and 
p ſo near the Node that her dark ſhadow falls upon 

| the Earth, ſhe appears big enough to cover the 
dae, whole“ Diſc of the Sun from that part on which 

Eclipſes of her ſhadow. falls; and the Sun appears totally 

denn eclipſed there, as at A, for ſome minutes: but 
when the Moon changes at her greateſt diſtance 
from the Earth, and ſo near the Node that her dark 
ſhadow is directed towards the Earth, her diame- 
ter ſubtends a leſs angle than the Sun's ; and there- 
fore ſhe cannot hide his whole Diſc from any. part 
of the Earth, nor does her ſhadow reach it at that 
time; and to the place over which the point of 
her ſhadow hangs, the Eclipſe is annular, as at B; 
the Sun's edge appearing like a luminous ring all 
around the body of the Moon, When the Change 
happens within 17 degrees of the Node, and the 
Moon at her mean diſtance from the Earth, the 
point of her ſhadow juſt touches the Earth, and 
ſhe eclipſeth the Sun totally to that ſmall ſpot 
| whereon her ſhadow falls; bnt the darkneſs is not 
of a momentꝰ's continuance. 

The longeſt 333. The Moon's apparent diameter how largeſt 
01 7. exceeds the Sun's when leaſt, only 1 minute 38 
ſex of the ſeconds of a degree: and in the greateſt Eclipſe 
sub. of the Sun that can happen at any time and place, 

the total darkneſs continues no longer than whilſt 

the Moon is going 1 minute 38 ſeconds from the 

Sun in her Orbit; which is about 3 minutes and 
"24 ſeconds of an hour. 

1 334. The Moon's dark ſhadow covers only - a 

much of the ſpot on the Earth's ſurface, about 180 Engliſh miles 

Son mar de broad, when the Moon's ene appears largeſt 


Sun may be 
totally or 
1 * Although the Sun and Moon are - ſpherical bodies, as ſeen 
fond ed at from the Earth the: appear to be circular planes; and ſo 
5 would the Earth do, if it were ſeen from the Moon. The ap- 
parently flat ſurfaces of the Sun and Moon are called e Diſes 
by Aſtronomer s. | | 
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Of Eclipſes 26 
and the Sun's leaſt; and the total darkneſs can ex- PLATE 
tend no farther than the dark ſhadow covers. Vet ** 
the Moon's partial Shadow or Penumbra may then 
cover a circular ſpace 4900 miles diameter, within 
all which the Sun is more or leſs eclipſed, as the 
places are leſs or more diſtant from the Center of 
the Penumbra, When the Moon changes exactly 
in the Node, the Penumbra is circular on the 
Earth at the middle of the general Eclipſe ; be- 
cauſe at that time it falls perpendicularly on the 
Earth's ſurface : but at every other moment it 
falls obliquely, and will therefore be elliptical, 
and the more ſo, as the time is longer before or 
after the middle of the general Eclipſe; and then, 
much greater portions of the Earth's ſurface are 
involved in the Penumbra. 8. 
325. When the Penumbra firſt touches the Duration of 
Earth, the general Eclipſe begins: when it leaves ben 
the Earth, the general Eclipſe ends: from the be- Ee iber. 
ginning to the end the Sun appears eclipſed in ſome 
part of the Earth or other. When the Penumbra 
touches any place, the Eclipſe begins at that place, 
and ends when the Penumbra leaves it. When the 
Moon changes in the Node, the Penumbra goes over 
the center of the Earth's Diſc as ſeen from the Moon; 
and conſequently, by deſcribing the longeſt line 
poſſible on the Earth, continues the longeſt upon 
it; namely, at a mean rate, 5 hours 50 minutes: 
more, if the Moon be at her greateſt diſtance from 
the Earth, becauſe ſhe then moves flowett; leſs, 
if ſhe be at her leaſt diſtance, becauſe of herquicker 
motion. 
336. To make the laſt five articles and ſorerel 
other Phenomena plainer, let & be the Sun, E the pz 11. 
Earth, M the Moon, and AM the Moon's Orbit. 
Draw the right line Ve 12 from the weſtern ſide 
of the Sun at V, touching the weltern ſide of the 
Moon at c, and the Earth at 12: draw alſo the 
right line / 4 12 from the eaſtern ſide of the Sun 
5 at V, touching the * ſide of the Moon at 4, 
; | 8 3 | : Cs and 


* 


be. 262 : Of Ectlipſes, - 


E andthe Earth at 12: the dark ſpace Ce 12 d included 
| between thoſe lines is the Moon's ſhadow, ending 
The Moon's in a point at 12, where it touches the Earth; be- 
ak ſhadow cauſe in this caſe the Moon is ſuppoſed to change 
at M in the middle between A the Apogee, or far- 
theſt point of her Orbit from the Earth, and P the 
Perigee, or neareſt point to. it. For, had the point 
P been at M, the Moon had been nearer the Earth; 
and her dark ſhadow at e would have covered a 
ſpace upon 1t about 180 miles broad, and the Sun 
would have been totally darkened, as at A (Fig. I.) 
with ſome continuance : but had the point A 
(Fig. II.) been at M, the Moon would have been 
farther from the Earth, and her ſhadow would have 
ended in a point about e, and therefore the Sun 
and Penum- would have appeared, as at B (Fig. I.) like a lu- 
minous ring all around the Moon. Draw the right 
lines // X ah and Ac g, touching the contrary 
fides of the Sun and Moon, and ending on the 

Earth at à and 5: draw alſo the right line S X M 

12, from the center of the Sun's Diſc, through the 
Moon's center, to the Earth at 12; and ſuppoſe 
the two former lines / Xdh and Acg to revolve 
on the line SA M 12 as an Axis, and their points 
4 and þ will deſcribe the limits of the Penumbra 
TT on the Earth's ſurface, including the large 

ſpace a 0 0 12 4; within which the Sun appears 

more or leſs eclipſed, as the places are more or leſs 

| diſtant from the verge of the Penumbra @ 0 5. 

Digin, Draw the right line y 12 acroſs the Sun's Diſc, 
what, perpendicular to S XM the Axis of the Penumbra : 
then, divide the line y 12 into twelve equal parts, 
as in the Figure, for the twelve * Digits of the 
Sun's diameter : and, at equal diſtances from the 
center of the Penumbra at 12 (on the Earth's ſur- 
face ZH to it's edge ao b, draw twelve concen- 
tric Circles, as marked with the numeral Figures 
1 2 3 4, &c. and remember that the Moon's mo- 


A Digit is a twelfth part of the diameter of the Sun and 
| tion 


* 
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tion in her Orbit 4 M is from weſt, to eaſt, as 5 


from s to r. Then. 


— 


the eaſtern edge of the Sun at V, and the Eclipſe 


ends, as at the right hand C of Fig. III. At the 


very ſame inſtant, to all thoſe who live on the Cir- 
cle marked 1 on the Earth E in Fig. II, the Moon 
M cuts off or darkens a twelfth part of the Sun 5, 
and eclipſes him one Digit, as at 1 in Fig. III: to 
thoſe who live on the Circle marked 2 in Fig. II, 
the Moon cuts off two twelfth parts of the Sun, 
as at 2 in Fig. III: to thoſe on the Circle 3, three 
parts; and ſo on to the center at 12 in Fig. II, 
where the Sun 1s centrally eclipſed, as at B in the 


middle of Fig. III; under which Figure there is a fie. II.. 
ſcale of hours and minutes, to ſhew at a mean rate 
how long it is from the beginning to the end of a 


central Eclipie of the Sun on the parallel of Len- 
don; and how many Digits are eclipſed at any par- 
ticular time from the beginning at A to the middle 
at B, or the end at C. Thus, in 16 minutes from 
the beginning, the Sun is two Digits eclipſed; in 
an hour and five minutes, eight Digits; and in an 
hour and thirty-ſeven minutes, 12 Digits. 

337. By Fig. II. it is plain, that the Sun is to- 
tally or centrally eclipſed but to a ſmall part of the 
Earth at any time; becauſe the dark conical ſhadow 


g of the Moon M falls but on a ſmall part of the rig. U. 
Earth; and that the partial Eclipſe is confined at 


that time to the ſpace included by the Circle à © b, 


of which only one half can be projected in the 


Figure, the other half being ſuppoſed to be hid by 
tbe convexity of the Earth E. and likewiſe, that 
no part of the Sun is eclipſed to the large ſpace 7” 4 


To an obſerver on the Earth at þ, the eaſtern The fers 
limb of the Moon at 4 ſeems to touch the weſtern 
limb of the Sun at V, when the Moon is at M; 
and the Sun's Eclipſe begins at ö, appearing as at 
A in Fig. III. at the left handy, but, at the ſame 

moment of abſolute time to an obſerver ata in, 
Fig. II. the weſtern edge of the Moon at c leaves 
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PLATE of the Earth, becauſe the Moon is not between the 
2 . Sun and any of that part of the Earth: and there- 
ty of the fore to all that part the Eclipſe i is inviſible. The 


Moon's 


| ſhadow on Earth turns eaſtward on it's Axis, as from g to h, 


the Earth, hich is the ſame way that the Moon's adow 


moves; but the Moon's motion is much fwifter in 


her Orbit from 5 to 7: and therefore, although 
Eclipſes of the Sun are of longer duration on ac- 
count of the Earth's motion on it's Axis than they 
would be if that motion was ſtopt, yet in four mi- 
nutes of time at moſt, the Moon's ſwifter motion 
carries her dark ſhadow quite over any place that 
it's center touches at the time of greateſt obſcura- 
tion. The motion of the ſhadow on the Earth's 
Diſc is equal to the Moon's motion from the Sun, 
which is about 30+ minutes of a degree every hour 
at a mean rate; but ſo much of the Moon's Orbit 
is equal to 302. degrees of a great Circle on the 
Earth, $ 320; and therefore the Moon's ſhadow 
goes 30, degrees or 1830 geographical miles on 
the Earth in an hour, or 30+ miles in a minute, 


which i is almoſt four times as ſwift as the motion of 


a cannon- ball. 
338. As ſcen from the Sun or Moon, the Earth's 

Axis appears differently inclined every day of the 
year, on account of keeping it's paralleliſm through- 
Fig. IV, Out it's annual courſe, Let E, D, O, N be the 
Fearth at the two Equinoxes and the two Solſtices, 
NS it's Axis, N the North Pole, & the South Pole, 
Athe Equator, 7 the tropic of Cancer, f the 
tropic of Capricorn, and 4 B C the Circumference 


| Phenomena Of the Earth's enlightened Diſc as ſeen from the 


1 Sun or New Moon at theſe times. The Earth's 
the Sun or Axis has the poſition NV ES at the vernal Equinox, 
New Moon lying towards the right hand, as ſeen from the Sun 
times of the Or New Moon; it's Poles N and & being then in 
ven. the Circumference of the Diſc; and the Equator 

and all it's parallels ſeem to be ſtraight lines, be- 


cauſe their planes paſs through the obſerver's eye 


Jooking: down upon the Earth from the Sun or 


Moon 


Fang FSW EE 


" ld It 05 Ms 9 as oa. ES. IEEE 


* 


» & a os. ith 
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nox to the autumnal, the North Pole is enlighten» 
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Moon directly over E, where the Ecliptic FG in 


terſects the Equator A. At the Summer Solſtice, _. 


the Earth's Axis has the poſition NDS; and that 


part of the Ecliptic FG, in which the Moon is 


then New, touches the Tropic of Cancer Tat D. 
The North Pole N at that time inclining- 23+ de- 
grees towards the Sun, falls ſo many degrees within 


the Earth's enlightened. Diſc, becauſe the Sun is 
then vertical to D, 23+ degrees north of the Equa- 
tor Æ Q; and the Equator with all it's parallels 


ſeem elliptic curves bending downward, or towards 


the South Pole, as ſeen from the Sun: which Pole, 
together with 23+ degrees all round it, is hid be- 
hind che Diſc in the dark Hemiſphere of the Earth. 
At the Autumnal Equinox, the Earth's Axis has 
the poſition NOS, lying to the left hand as ſeen 
from the Sun or New Moon, which are then ver- 


tical to O, where the Ecliptic cuts the Equator 


A 2: Both Poles now lie in the circumference 
of the Diſc, the North Pole juſt going to diſap- 
pear behind it, and the, South Pole juſt enterin 

into it; and the Equator with all it's parallels ſeem 
to be ſtraight lines, becauſe their planes paſs 
through the obſerver's eye, as ſeen from the Sun, 
and very nearly ſo as ſeen from the Moon. At 
the Winter Solſtice, the Earth's Axis has the po- 
ſition N NS; when it's South Pole & inclining 23+ 
degrees towards the Sun, falls 234 degrees within 
the enlightened Diſc, as ſeen from the Sun or New 
Moon, which are then vertical to the Tropic of 
Capricorn #,. 23 degrees ſouth of the Equator 


£9; andthe Equator with all it's parallels ſeem 


elliptic curves bending upward; the North Pole 
being as far behind the Diſc in the dark Hemi- 
ſphere, as the South Pole is come into the light. 
The nearer that any time of the year 1s to the 
Equinoxes or Solſtices, the more it partakes of the 
Phenomena relating to them. 
339. Thus it appears, that from the vernal equi- 


ed; 


rr 
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PLATE ed; and the Equator and all it's parallels appear 
3 elliptical: as ſeen from the Sun, more or leſs curved 
Bens of as the time is nearer to or farther from the Sum- 
e mer Solſtice; and bending downwards, or towards 
ſeen from the South Pole; the reverſe of which happens 
Aden from the autumnal Equinox to the yernal. A 
times of the little conſideration will be ſufficient to convince 
* the reader, that the Earth's Axis inclines towards 

the Sun at the Summer Solſtice; from the Sun at 
the Winter Solſtice; and ſidewiſe to the Sun at 
the Equinoxes; but towards the right hand, as 
ſeen from the Sun at the vernal Equinox; and to- 
wards the left hand at the autumnal. From the 
Winter to the Summer Solſtice, the Earth's Axis 


inclines more or leſs to the right hand, as ſeen from 


the Sun; and the contrary from the Summer to 
the Winter Solſtice. 
How theſe 340. The different viſions of the Earth's Axis, 


tions af- 
pa lar as ſeen from the Sun at different times of the year, 


Kurte. affect ſolar Eclipſes greatly with regard to particu- 


lar places; yea ſo far as would make central Eclip- 
ſes which fall at one time of the year inviſible if 
they had fallen at another, even though the Moon 
ſhould always change in the Nodes, and at the ſame 
hour of the day: of which indefinitely various at- 
fections, we ſhall only give Examples fo the Flies 

of the Equinoxes and Solſtices. 
ix. V. In the ſame. Diagram, let F G be part of the 
Ecliptic, and IK, i &, i ł, i ł part of the Moon's 
Orbit; both ſeen edge wiſe, and therefore projected 
into right lines; and let the interſections M, O, 
D, E be one and the ſame Node at the above times, 


when the Earth has the forementioned different 


poſitions; and let the ſpace included by the Cir- 
cles P, p p, p be the Penumbra at theſe times, as 
it's center is paſſing over the center of the Earth's 
Diſc. At the Winter Solſtice, when the Earth's 


Axis has the poſition VM, the center of the Pe. 


numbra P touches the Tropic of Capricorn in N 


a LA * the * Eclipſe; but no part 


y : d Tr. buy = % 


of Rape. 


of the Penumbra touches the Tropic of E . 
At the Summer Solſtice, when the Earth's Axis 
has the poſition NDS (i D- being then part f 
the Moon's Orbit, whoſe Node is at D) the Pes 
numbra 5 has it's center at D, on the Tro pic of 
Cancer 7, at the middle of the general Eeliph 
and then no part of it touches the Tropic of Ca- 
ricorn t. At the autumnal Equinox, the Earth's 
Axis has the poſition NOS (i O & being then part 
of the Moon's Orbit) and the Penumbra equally 
includes part of both Tropics T and z at the middle 
of the general Eclipſe : at the vernal Equinox it 
does the ſame, becauſe the Earth's Axis has the 
oſition NES: but, in the former of theſe two 
{t caſes, the Penumbra enters the Earth at A, 
north of the Tropic of Cancer 7, and leaves it at 
n, ſouth of the Tropic of Capricorn t; having 
gone over the Earth obliquely ſouthward, as it's 
center deſcribed the line AO m: whereas, in the 
latter caſe, the Penumbra touches the Earth at 2, 
ſouth of the Equator Q, and deſcribing the 
line # EA (ſimilar to the former line 4 O m in open 
ſpace) goes obliquely northward over the Earth, 
and leaves it at 9, north of the Equator. 
In all theſe circumſtances, the Moon has been 
ſuppoſed to change at noon in her deſcendin 
Node: had ſhe changed in her aſcending Node, the 


Phenomena would have been as various the con- 


trary way, with reſpect to the Penumbra's going 


northward or ſouthward over the Earth. But be- 


cauſe the Moon changes at all hours, as often in 
one Node as in the other, and at all diſtances from 
them both at different times as it happens, the va- 
riety of the Phaſes of Eclipſes are almoſt innume- 
rable, even at the ſame places; conſidering alſo 
how variouſly the ſame places are ſituated on the 
enlightened Diſc of the Earth, with reſpect to the 
Feige hap motion, at the different hours when 


lipſes happen, 
5 Per: 341. When 
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. — of her deſcending Node, the Penumbra P 18 juſt 


ion leagth-thE Equator at the middle of the general Eclipſe, 


How much 341. When the Moon changes 17 degrees ſhort 


oart-Earth touches the northern = of the Earth's Diſc, 
Sifances near the north Pole W; and as ſeen from that 
Be Place, the Moon appears to touch the Sun, but 
_ _ hidesno part of him from ſight. Had the Change 
been as far ſhort of the aſcending Node, the Pe- 
numbra would have touched the ſouthern part of 
the Diſc near the South Pole 8. When the Moon 
changes 12 degrees ſhort of the deſcending Node, 
more than a third part of the Penumbra'P 12 falls 
on the northern parts of the Earth at the middle 
of the general Eclipſe : had ſhe changed as far 
paſt the ſame Node, as much of the other ſide of 
the Penumbra about P would have fallen on the 
ſouthern of the Earth; all the reſt in the expanſum, 
or open ſpace. 'When the Moon changes 6 de- 
grees from the Node, almoſt the whole Penumbra 
P'6 falls on the Earth at the middle of the general 
Eclipſe. And laſtly, when the Moon changes in 
the Node at M, the Penumbra” PIN takes the 
Jongeſt courſe poſſible on the Earth's Diſc; it's 
center falling on the middle thereof, at the middle 
of the general Eclipſe. The farther the Moon 
changes from either Node, within 17 degrees of 
it, the ſhorter is the Penumbra's continuance on 
the -Earth, becauſe it goes over a leſs portion of 

the Diſc, as is evident by the Figure. 
The Farth's 342. The nearer that the Penumbra's center is to 


diurnal mo- 


ens the du- the longer is the duration of the Eclipſe at all 


ration of ſo- 


lar Eclipſes, thoſe places where it is central; becauſe, the nearer 
vb fall that any place is to the Equator, the greater is them 


without the 


polar Cir- Circle it deſcribes by the Earth's motion on it's ſes 
* Axis: and fo, the place moving quicker, keeps m. 
longer in the Henumbra, whoſe motion is the ſame 72 
way with that of the place, though faſter, as has by 

been already mentioned, 5 337. Thus (ſee the ob. 

Earth at D and the Penumbra at 12) whilſt the pla 
point & in the polar Circle ab ? d is carried from 5 

55 | | to 


Of Baden |. wb 


to c by: the Earth's diurnal motion, the point Ab 2 
the Tropic of Cancer T is carried a much greater 
length from d to D: and therefore, if the Pen- 
umbra's center goes one time over c and another 
time over D, the Penumbra will be longer f in paſ- 
ling over the moving Place 4 than it was in paſſing 
over the moving place 5. Conſequently, central 
Eclipſes about the Poles are of the Gone wk 
tion; and about the Equator the longeſt. 365 

343. In the middle of Summer, the in hu And ſhor- 
gid Zone included by the polar Circle a Y c d is en- ,%]!e 


ration of 


lightened; and if it then happens that the Penum- ſome which 
bra's center goes over the North Pole, the Sun will theſe Ci 
be eclipſed much the ſame number of Digits at à cles. 

as at c; but whilſt the Penumbra moves eaſtward .. - 
over c, it moves weſtward over 2, becauſe, with re- n 
ſpect to the Penumbra, the motions of @ and c are 
contrary: for c moves the ſame way with the Pen- 

umbra towards d, but à moves the contrary way 
towards ; and therefore the Eclipſe will be of 

longer duration at c than ata. At a the Eclipſe 

begins on the Sun's eaſtern limb, but at c on his 
weſtern: at all places lying without the polar Cir- 

cles, the Sun's Eclipſes begin on his weſtern limb, 

or near it, and end on or near his eaſtern. At thoſe 

places where the Penumbra touches the Earth, the 

Eclipſe begins with the riſing Sun, on the top of 

his weſtern or uppermoſt edge; and at thoſe places 

where the Penumbra leaves the Earth, the Eclipſe 

ends with the ſetting Sun, on the top of his eaſtern 

edge, which is then the uppermoſt, juſt at it's  diſ- bailed Wy 
appearing in the Horizon. 

344. If the Moon were ſurrounded by an At- The Moon 
moſphere of any conſiderable Denſity, it would 3 
ſeem to touch the Sun a little before the Moon 
made her appulſe to his edge, and we ſhould ſee a 
little faintneſs on that edge before it were eclipſed 
by the Moon : but as no ſuch faintneſs has been 
obſerved, at leaſt ſo far as I ever heard, it ſeems 


Iv that the Moon has no ſuch Atmoſphere as * 
0 


=_. of x Edipſes. 

PLATE of * Earth. The faint ring of light ſurfotinditig 
Xl. the Sun in total Eclipſes, called by CAssIN I, 14 
Cbevelure du Soleil, ſeems. to be the Atmoſphere of 

the Sun; becauſe it has been obſerved to move 
N with the Sun, not with the Moon. | 

345. Having ſaid fo much about ele of 

che Sun, we ſhall drop that ſubject at preſent, and 

proceed to the docuine of lunar Eclipſes: a 
being more ; Rips OP! hes oy ene in leſs 


502) 6 RIES (1) cf 
ED - That the Moon can never be eclipſed but at the 


the Moon. time of her being Full, and the reaſon why ſhe is 
not eclipſed at every Full, has been ſhewn already, 
$ 316, 317. Let ò be the Sun, E the Earth, R R 
the Earth's ſhadow, and B the Moon in oppoſition 
to the Sun: in this ſituation the Earth intercepts 
the Sun's light in it's way to the Moon; and when 
the Moon touches the Earth's ſhadow at v, ſhe be- 
gins to be eclipſed on her eaſtern limb x, and con- 
tinues eclipſed until her weſtern limb y leaves the 
ſhadow at w. at B ſhe is in the middle of the 
ſhadow, and conſequentiy in the middle wa the 
. 

346. The Moon when orally eclipſed i is not in- 
viſible, if ſhe be above the Horizon and the Sky 

j be clear; but appears generally of a duſky colour 
is © like tarniſhed copper, which ſore have thought to 
| " ts be the Moon's native light. But the true cauſe of 
Why the her being viſible is the ſcattered beams of the Sun, 
Moon is vi- bent into the Earth's ſhadow by going through the 
ul clip. Atmoſphere ; which, being more denſe near the 
FPoaarth than at conſiderable heights above it, re- 
fracts or bends the Sun's rays more inward, 5 179, 
the nearer they are paſſing by the Earth's ſurface, 
than thoſe rays which go through higher parts of 

the Atmoſphere, where it is leſs denſe according 

to it's height, until it be ſo thin or rare as to loſe 

it's refractive power. Let the Circle f g i, con- 

centric to the Earth, include the Atmoſphere 


whole refractive power vaniſhes at the heights / 
| an 


Fig. II. 
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and 7; fo that the rays / f and Ni on PLATE: 
ſtraight without ſuffering the leaſt refraction 5 0. if Th | 
all thoſe rays which enter the Atmoſphere between 
fand k, and between i and , on oppoſite ſides of 
the Earth, are gradually more bent inward as they 
go through a greater portion of the Atmoſphere, 
until the rays V and V touehing the Earth at 
n and , are bent fo much as to meet at J, à little 
ſhort of the Moon; andi therefore the dark ſhadow 
of the Earth is contained” in the Tpace mo g p u, 
where none of the Sun's rays can enter: al the 
reſt R R, being mixed by the ſcattered rays which 
are refracted 4 above, is in ſome meafure enlight- 
ened by them; and ſome of thoſe rays falling on 
che Moon, give her the colour of tarniſhed copper, 

8 or of iron almoſt red hot. So that if the Earth 


n had no Atmoſphere, the Moon would be as invi- 
- WH ſible in total Eclipſes as ſhe is when New. If the 
* Moon were ſo near tlie Earth as to go into it's dark 


e ſhadow, oy {mondo > {Sar ſhe would be inviſible 
2 during her ſtay in it * vilible before and after 
* in the fainter ſhadow 
347. When the 6 goes ee the center why the 
n- of the Earth's ſhadow, ' ſhe is directly oppoſite to 5. Sun and 


Ly the Sun : yet the Moon has been often ſeen to- — 
ur tally eclipſed in the Horizon when the Sun was * 
to alſo viſible in the oppoſite part of it: for, the ho- is ß 
of rizontal refraction being almoſt 34 minutes of rant | 
n, degree, $ 18 1, and the diameter of the Sun ang 
he Moon being each at a mean ſtate but 32 minutes 
ne the refraction cauſes both Luminaries to appear 
re- above the Horizon When they are really below it, | 
9. (997% 

ce, 348. When he Moon is F all at 12 degrees Fig. v. 
of from either of her Nodes, ſhe juſt touches the 


ng Earth's ſhadow, but enters not into it. Let G H 
ole be the Ecliptic, ef the Moon's Orbit where ſhe is 
n- if 12 degrees from the Node at her Full; 7 4 her 
ere Orbit where the is- & degrees from the Node, a 5 
's ber Orbit where ſhe 1 is Full in the Node, AB the 
ind Earth's 


* 


"RX Bs of Eclipfess | 
Dune Earth's. ſhadow, and M the Moon, When the 
of central Moon deſcribes the line e,, ſhe juſt touches the 
| the Moon, ſhadow, but does not enter into it; when ſhe de- 
BIG oh ſeribes the line d, ſhe is totally though not cen - 
trally immerſed in the ſhadow and when ſhe de- 
| 3 the line 4 b, ſhe paſſes by the Node at M 
i the center of the ſhadow, and takes the loogels 
line poſſible, which is a diameter, through it: 
ſuch an Eclipſe being both, total and central is we 
the longeſt duration, namely 3 hours 37 Bites 
6: ſeconds. from the beginning to the end, if the 
4 Moon be at her greateſt diſtance from the Earth: Y 
and 3 hours 37 minutes 26 ſeconds, if ſhe be at | 
her. leaſt: diſtance. The reaſon of this difference 0 
zs, that when the Moon is fartheſt from the Earth, |: 
he moves the loweſt; and en neaxeſt to a 9 
ET: quickeſt. 5 8 
Bieits, 349. The:Moon' J diameter, a as 0 . Sun* 5 I 
is Juppoſed. to be divided into twelve equal parts, v 
called Digits; and fo many of | theſe parts as are ſt 
darkened by the Earth's ſhadow, ſo many Digits 
is the Moon eclipſed. All that the Moon is MW 
., echpſed above 12 Digits, ſhew how far the ſhadow 5 
kn of the Earth is over the body of the Moon, on he 
that edge to which ſhe is neareſt at the middle of ys 
© the Eclipſe.) th 
wii the ©! 350, It is difficult to > Ry xeaaly either the 
2 beginning or ending of a lunar Eclipſe, even with 
7 — * a good Teleſcope; : becauſe the Earth's ſhadow is 
Eelipfe is i [o faint, and ill defined about the edges, that when 
de de. the Moon is either juſt touching or leaving it, the 
mined by Obſcuration of her limb is ſcarce ſenſible; and 
 obſerration. therefore the niceſt obſervers can hardly be certain 
d to four or five ſeconds: of time. But both the be- 
grinning and ending of ſolar Eclipſes are viſibly 
Inſtantaneous; for the moment that the edge of 
the Moon's Diſc. touches the Sun's, his roundneſs 
ſeems a little broke on that part; and the moment 
53 5 ty leaves it, * e Fb mage "gun. 5 
| bs re MI 351, In 
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351. In Aſtronomy, Eclipſes of the Moon are The v& of 
of great uſe for aſcertaining” the periods of her oa 
motions; eſpecially ſuch Eclipſes as are obſerved Geography, 
to be alike in all circumſtances, and have long — 
intervals of time between them. In Geogra- 
phy, the Longitudes of places are found by 
Eclipſes, as already ſhewn in the eleventh chapter: 


but for this purpoſe Eclipſes of the Moon are more 


uſeful than "thoſe of the Sun, becauſe they are 
more frequently viſible, and the ſame lunar Eclipſe 
is of equal largeneſs and duration at all places 
where it is ſeen. In Chronology, both ſolar and 
lunar Eclipſes ſerve to determine exactly the time 
of any patt event: for there are fo many particu- 
lars obſervable in every Eclipſe, with reſpect to it's 
quantity, the places where it is viſible (if of the 
Sun) and the time of the day or night; that it is 
impoſſible there can be two ſolar Eclipſes in the 


. 
- 


courſe of many ages which ate alike in all circum- 


— CUP dps . 
352. From the above explanation of the doc- rue uE. 

trine of Eclipſes it is evident, that the darkneſs at nef at our 

our SaviouR's crucifixion was ſupernatural. For gyro? 

he ſuffered on the day on which the Paſſover was foocrnau- 

eaten by the Jews, on which day it was impoſſible My 

that the Mocn's ſhadow could fall on the Earth; 

tor the Fews kept the Paſſover at the time of Full 


Moon: nor does the darkneſs in total Eclipſes of 


the Sun laſt above four minutes in any place, & 333, 
whereas the darkneſs at the crucifixion laſted three 
hours, Malt. xxvili. 15. and overſpread at leaft all 
% a els oor ; 
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The Conſtruction of the following Tables. 
Sewing the, Principles on 1 the alle 55 


nomical Tables are confirufted, and the Method of 
calculating the Times of at and 17 Magus. and 


FP. as by them. 


353. IE nearer that! any object is to tie eye 
of an obſerver, the greater is the 5 


under which it appears: the farther from the eye, 


the leſs. 

The diameters of the Sun and Moon ſubtend 
different angles at different times. And, at equal 
intervals of time, theſe angles are once at the 
greateſt, and once at the leaſt, in ſomewhat more 
than a compleat revolution of the Luminary through 
the Ecliptic, from any given fixed Star to the ſame 
Star again.—This proves that the Sun and Moon 
are conſtantly changing their diſtances from the 
Earth; and that they are once at their greateſt dil: 


tance, nad once at their leaſt, in little more hah a 


compleat revolution. 


The gradual differences of theſe angles are not 
what they would be, if the Luminaries moved. in 


circular Orbits, the Earth being ſuppoſed. to be 
placed at ſome diſtance from the center: but they 


agree perfectly with elliptic orbits, ſuppoſing the 


er focus of each orbit to be at the center of the 


FHaäarth. 


The fartheſt x point of each Orbit from the 
Earth's center is Called the Apogee, and the neareſt 
point is called the Perigee.—T heſe * are di- 


rectly oppoſite to each other. 


Aſtronomers divide each Orbit into 12 equal 
parts, called Signs; each ſign into 30 equal parts, 
called Degrees; each degree into 60 equal parts, 
called Minutes; and every minute into 60 equal 
parts, called Seconds. The diſtance of the Sun or 


Moon from any given point of it's orbit, is rec- 
koned 


J 


$ av OS * ip 


Apel at any given DET 1s called it's 0 
Anomaly * ſo that, in the Apogee, the ee 1s 
by man; in tlie Perigee, it is {ix ſigns. 
e The motions of the Sun and Moon are obſerved 
Gy to be continually accelerated from the Apogee to 
the Perigee, and as gradually retarded from” the 
d Perigee to the Apogee being ſloweſt of all when 
a the mean anomaly is nothing, and ſwifteſt of all 


4 when | it is ſix ſigns. 

N When the Luminary | is in it's Apogee or Peri- 

K gee, it's place is the ſame as it would be, if it's 

i motion were equable in all parts of i it's Orbit. 

4 The ſuppoſed: equable motions are called mean; 

4 the 9 are juſtly called the true. | 
{ The mean place of the Sun or Moon, is always 


4 forwarder than the true place“, whilſt the Lumi- 
nary is moving from ir's'Apogee to it's Perigee; 


t and the true place is always forwarder than the 
2 mean, whilſt the Luminary is moving from it's 
© perigee to it's Apogee. In the former caſe, rhe 
7 anomaly is always leſs (UNE fix ſigns; and in the 
latter caſe, more. 99 

* It has been found, by a 1 ſeries of obſerva- 


tions, that the Sun goes through the Eclipric, from 

the Vernal Equinox do the Tame! Equinox again, in 
l 365 days g hours 48 minutes 35 ſeconds : from the 
„Vr Star of Aries to the ſame Star again, in 365 days 
6 hours 9 minutes 24 ſeconds : and from his Apogee 

1 to the ſame again, in 365 days 6 hours 14 minutes 
„ o ſeconds.— 1 he firſt of theſe is called the 517 
b Zear, the ſecond the Sydereal Tear, and the third 
* The point of the Eeliptic i in which the, Sun or Moon 15, 
at any given moment of time, is called the © place: of the Sun or 


—— Moon at that time. E 1 4 2112 
4 & wh 2 | 3 the 
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the Anomaliſtic Year. So that the Solar Year is 20 
minutes 29 ſeconds ſhorter than the Sydereal; and 
the Sydereal Year is 4 minutes 36 ſeconds ſhorter 
than the Anomaliſtic.—Hence it appears, that the 
Equinoctial Point, or interſection of the Ecliptic and 
Equator at the beginning of Aries, goes back ward 
with reſpect to the fixed Stars, and that the, Sun's. 
Apogee goes forward, 
It is alſo obſerved, that the Moon. goes ee 
her Orbit, from any given fixed Star to the ſame 
Star again, in 27 days 7 hours 43 minutes 4 ſe- 
| conds, at a mean rate: from her Apogee to her 
A again, in 27 days 13 hours 18 minutes 
43 ſeconds: and from the Sun to the Sun again, 
in 29 days 12 hours 44 minutes 3 ſeconds.— 
This ſhews, that the Moon's Apogee moves for- 
ward in the Ecliptic, and hat at a much quicker 
rate than the Sun's Apogee does; ſince the Moon 
is five hours 55 minutes 39 ſeconds longer in re- 
volving from her Apogee to her Apogee again, 
than from any Star to the ſame Star again. 


The Moon's Orbit croſſes the Ecliptic in two | 
oppoſite points, which are called her Modes: and 
it is obſerved that ſhe revolves ſooner from any 
Node to the ſame Node again, than from any Star 
to the ſame Star again, by.2 hours 38 minutes 27 Ml |? 
ſeconds, which ſhews that her Nodes move back-W 1 
ward, or contrary o the order of dens, in the I 
Ecliptic. n 


The time in which _ Moon ies from the r. 
Sun to the Sun again (or from change to change) n 
is called a Lunation; which, according to Dr. 2 
Pouxp's mean meaſures, would always coaſiſt of W | 2 

29 days 42 hours 44 minutes 3 ſeconds 2 thirds 3 
38 fourths, if the motions of the Sun and Moon c 
were always eures May 12 mean Luna MW w 


[2 

* We Live thought proper to keep bir Dr. 3 !ength 15 
of a mean L unation, becauſe his numbers come nearer to the 

times of the antient clipſes, than Meyer's do, without allow- 

ing for the Moon s acceleration. 15 | A 
N tions 1 


l 
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| tions contain 354 days 8 hours 48 minutes 36 * 
; ſeconds 35 thirds 40 fourths, which is 10 days 21 1 
ö hours 11 minutes 23 ſeconds 24 thirds 20 fourths 1 
leſs than the length of a common Julian year, conſiſt- 1 
ing of 365 days 6 hours: and 1g mean Lunations 1 
8 contain 383 days 21 hours 32 minutes 39 ſeconds i 

38 thirds 38 fourths, which exceeds the length of 
1 a common Julian year, by 18 days 15 hours 32 
e minutes 39 ſeconds 38 thirds 38 fourths. 
The mean time of New Moon being found for 
r any given year and month, as ſuppoſe for March 
8 1700, Old Stile, if this mean New Moon falls later 
„ than tlie 11th day of March, then, 12 mean Luna- 
— tions added to the time of this mean New Moon, 
r- will give the time of the mean New Moon in 
er March 1701, after having thrown off 365 days. — 
n But, when the mean New Moon happens to be be- 
e- fore the I1th of March, we muſt add 13 mean 
n, Lunations, in order to have the time of mean New 

Moon in March the year following: always tak in 
v0 care to ſubtract 365 days in common years, 20 
ad 366 days in leap- years, from the ſum of this 
ny Wl | addition, | Hy LIEN, | 5 
ar WM | Thus, A. D. 1700, Old Stile, the time of mean 
27 New Moon in March was the 8th day, at 16 hours 
«- 11 minutes 25 ſeconds after the noon of that day 
he Wl | (viz. at 11 minutes 25 ſeconds paſt IV in the 


morning of the gth day, according to common 
he WW | reckoning). To this we muſt add 13 mean Lu- 
ze) nations, or 383 days 21 hours 32 minutes 39 ſe- 
Dr. conds 38 thirds 38 fourths, and the ſum will be 
of 392 days 1 3 hours 44 minutes 4 ſeconds 38 thirds 
rds 38 fourths; from which ſubtract 365 days, be- 
20n cauſe the year 1701 is a common year, and there 
na- will remain 27 days 13 hours 44 minutes 4 ſeconds 
| 35 thirds 38. fourths for the time of mean New 

gth Moon in March, A. D. 1701. „„ 
. Carrying on this addition and ſubtraction till 
A. D. 1503, we find the time of mean New Moon 

ons in March that year, to be on the 6th day, at 7 
1 5 T3 hours 


2 
4 bo 
12 
' 
* 
* 
5 
5 
= 
"= 
* - 
1702 
2 
1 
i 
x 
„ * 
= 
8 
-M 
= -- - 
$i 
bo 
Tis © 
_ =, 
i 
7 
1 
1 * 
9 
38 
oY 2 
4 
19 
3 
160 
4 
58 
_ N 1 
134 15 
1 
== 
41S 
* 


8 


ERA — 2 N —__ — — 222 9 
323 n 

2/0 n e eee 

$4 „ 7 8 75 


rr 


3 —__ — 

6 men 
7 Pen 4 "2 
> — — 


we GL anna re ena 2rd Ae RT abs 


eee 
—. - 2 * * 
- 


» —— — OC ¶ — — 
. ——ůů - — 
Wai 
1 n > 
* 


"RR 


- hours 21 minutes 17 ſeconds 49 thirds 46 fourths 


compleat Julian years ; which accordingly we find 
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aſt noon 3 to which add 13 mean Lunations, and 
the ſum! will be 390 days 4 hours 53 minutes 57 
ſeconds 28 thirds 20 fourths; from which ſubtract 
366 days, becauſe the year 1704 is a leap- -year, and 
there will remain 24 days 4 hours 53 minutes 57 
ſeconds 28 thirds 20 fourths, for the time of mean 
New Moon in March, A. D. 1704. 

In this manner was the Grit of the following 
Tables conſtructed to ſeconds, thirds, and fourths; 
and then wrote out to the neareſt ſeconds. — The 
reaſon why we chole to begin the year with March, 
was to avoid the i inconvenience of adding a day to 
the tabular time in leap- years after js Login or 
ſubtracting a day therefrom in January and Febru- 
ary in thoſe years; to which all tables of this kind 
are ſubject, which begin the year with January, in 
calculating the times of New or Full Moons. 

The mean anomalies of the Sun and Moon, and 
the Sun's mean motion from the aſcending Node 
of the Moon's Orbit, are ſet down in Ta le III. 
from one to 13 mean Lunations.— Theſe Num- 
bers, for 13 Lunations, being added to the radical 
anomalies of the Sun and Moon, and to the Sun's 
mean diſtance from the aſcending Node, at the 
time of mean New Moon in March 1700, (Table l.) 
will give their mean anomalies, and the Sun's mean 
diſtance from the N ode, at the time of mean New 
Moon in March 1701; and being added for 12 
Lunations to thoſe for 1701, give them for the 
time of mean New Moon in March 1702. And 
ſo on, as far as you pleaſe to continue the Table 
(which is here carried on to the year 1800) always 
throwing off 12 ſigns when their ſum exceeds 12 
and ſetting down the remainder as the proper 


quantity. 


If the Numbers belonging to ” D. 1700 (in 
Table I.) be ſubtracted fon 
1800, we ſhall have their whole differences i in 100 


to 


ö d / A 


rom thoſe belonging to 


rp BY — — no 
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| to be 4 days 8 hours. 10 minutes 52 ſeconds 15 
| thirds 40 fourths, with reſpect to the time of mean 
| New Moon. — Theſe being added together 60 times 
(always taking care to throw off a Whole Lunation 


when the days exceed 292) making up 60 centu- 


| ries, or 6000 years, as in Table VI, which was 
carried on to ſeconds, thirds, and furths's and 


then wrote out tothe neareſt ſeconds. In the ſame 


| manner were the teſpective anomalies and the Sun's 
| diſtance from the Node found, for theſe centurial 
| years; and then (for want of room) wrote out only 
| to the neareft minutes, which is ſufficient in whole 


centuries. —By means of theſe two Tables, we may 


| find the time of any mean New Moon in March, 


together with the anomalies of the Sun and Moon, 
and the Sun's diſtance from the Node, at theſe 
times, within the limits of 6000 years, either be- 
fore or after any given year in the 18th century; 
and the mean time of any New or Full Moon in 
any given month after March, by means of the 
third and fourth Tables, within the ſame limits, as 
ſhe wn in the precepts for calculation. 

Thus it would be a very eaſy matter to calculate 
the time of any New or Full Moon, if the Sun 
and Moon moved equably in all parts of their 
Orbits.—But we have already ſhewn that their 
places are never the ſame as they would be by 
equable motions, except when they are in Apogee 
or Perigee; which is, when their mean anomalies 
are either nothing, or fix ſigns: and that their 
mean places are always forwarder than their true 
places, whilſt the anomaly” is leſs than fix ſigns ; 
and their true places are forwarder than the mean, 
whilſt the anomaly is more. 

Hence it is evident, that whilſt the Sun's ano- 
maly is leſs than fix figns, the Moon will overtake 
him, or be oppoſite | tO him, tfoonef than ſhe could 


| if his motion were equable ; and later whilſt his 


anomaly is more than ſix ſigns.— The greateſt dif- 
ference that can poſſivly happen between the mean 
1 "a 
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and true time of New or Full Moon, on account, 
of the inequality of the Sun's motion, is 3 hours 
48 minutes 28 ſeconds: and that is, when the 


Sun's anomaly is either 3 ſigns 1 degree, or 8 ſigns 
29 degrees; ſooner in the firſt caſe, and later in 


85 laſt.— In all other ſigns and degrees of ano- 
maly, the difference is gradually leſs, and vaniſhes 
when the anomaly is either nothing or fix ſigns. 
The Sun is in his Apogee on the 3oth of Zune, 
and in his Perigee on the zoth of December, in the 
preſent age: ſo that he is nearer the Earth i in our 
winter than in our ſummer. The proportional 
diflerence of diſtance, deduced from the difference 
of the Sun's apparent diameter at theſe times, is 
as 983 to 1017. 
The Moon's orbit is dilated in winter, and con- 
tracted in ſummer; therefore, the Lunations are 
longer in winter than in ſummer. The greateſt 
Ane is found to be 22 minutes 29 ſeconds: 
the Lunations increaſing gradually i in length whilſt 
the Sun is moving from his Apogee to his Perigee, 
and decreafing in length whilſt he is moving from 
his Perigee to his Apogee.—On this account, the 
Moon will be later every time in coming to her 
conjunction with the Sun, or being in oppoſition 
to him, from December till June, and ſooner from 
ane till December, than if her orbit had continued 
of the ſame ſize all the year round. 
As both theſe differences depend on the Sun's 


anomaly, they may be fitly put together into one 


Table, and called The annual, or firſt equation of the 
mean to the true fyzygy (lee Table VII. ) i 
equational difference is to be ſubtracted from the 
time of the mean ſyzygy when the Sun's anomaly 
is leſs than ſix ſigns, and added when the anomaly 
is more. At the greateſt, it is 4 hours 10 minutes 
57 ſeconds, viz. 3 hours 48 minutes 28 ſeconds, 
on account of the Sun's unequal motion, and 22 


* The word Hrgęy fignifies both the conjunction and oppo- 
fition of the Sun and Moon, 


minutes | 
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minutes 29 ſeconds, on account of the dilatation 
of the Moon's orbit, 

This compound equation would be ſufficient for 
reducing the mean time of New or Full Moon to 
the true time thereof, if the Moon's orbit were of 

circular form, and her motion quite equable in 
it. But the Moon's orbit is more elliptical than 
the Sun's, and her motion in it ſo much the more 
: unequal. The difference is ſo great, that ſhe is 
ſometimes in conjunction with the Sun, or in op- 
| poſition to him, ſooner by 9 hours 47 minutes 54. 
| leconds, than ſhe would be if her motion were 
equable; and at other times as much later. The 
former happens when her mean anomaly is 9 ſigns 

,4 degrees, and the latter when it is 2 ligns 26 de- - 

. grees. See Table IX. 
At different diſtances of the Sun Ga the Moon” 5 


t Apogee, the figure of the Moon's orbit becomes 
: different. —lr is longeſt of all, or moſt excentric, 
L when the Sun is in the ſame ſign and degree either © 
: with the Moon's Apogee or Perigee z ſhorteſt of 
1 all, or leaſt excentric, when the Sun's diſtance 


E from the Moon's Apogee is either three ſigns or 

r nine ſigns; and at a mean ſtate when the diſtance 

nis either 1 ſign 15 degrees, 4 ſigns 15 degrees, 7 

1 ſigns 15 degrees, or 10 ſigns 15 5 degrees. —When 

4 the Moon's orbit is at it's greateſt excentricity, her 94 
apogeal diſtance from the Earth's center is to her 1% 


5 perigeal diſtance therefrom, as 1067 is to 9333 % by 
eu ben leaſt excentric, as 1043 is to 957; and wien 0 
4 at the mean ſtate, as 1055 is to 945. HY 
8 But the Sun's diſtance from the Moon's Apogee Wh 
eis equal ro the quantfiy of the Moon's mean ano- "If 
y maly at the time of New Moon, and by the addi- = 
* tion of fix ſigns, it becomes equal in quantity to 4 

3 © the Moon's mean anomaly at the time of Full i ; 
bs Moon.— Therefore, a table may be conſtructed ſo as ly, 

2 to anſwer to all the various inequalities depending 1 


on the different excentricities of the Moon's orbit, 
In the ſyzyg ies; i and. called Te ſecond equation 4 
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the mean lo the true fyzygy (ſee Table IX.) and the 
Moon's anomaly, when equated by Table VIII. may 
be made the proper argument for taking out this 
ſecond equation of time; which muſt be added to 
the former equated time, when the Moon's ano- 
maly is leſs than fix ſigns, and ſubtracted when 
the anomaly is more. 

There are ſeveral other inequalities in the Moon's 
motion, which ſometimes bring on the true ſyzygy 
a little ſooner, and at other times keep it back a 
little later, than it would otherwiſe be: but they 
are ſo ſmall, that they may be all omitted except 
two; the former of which (ſee Table X.) depends 
on the difference between the anomalies of hs Sun 
and Moon in the ſyzygies, and the latter (ec 
Table XI.) depends on the 'Sun's diſtance from 
the Moon's Nodes at theſe times. — The greateſt 


difference ariſing from the former, is 4 mindtes 58 


cows: ; and from the larter, minute 34 ſeconds. 


| Having deſcribed the Phenomena ariſing from the i ine- 


qualities of. the Solar and Lunar Motions, we ſhall 
now ſpew the reaſons of theſe inequalities. 


In all calculations relating to the Sun and Moon, 
we conſider the Sun as a moving body, and the 
Earth as a body at reſt ; ſince all the {ppearances 
are the ſame, whether it be the Sun or the Earth 
that moves. But the truth is, that the Sun is at 
reſt, and the Earth moves round him once a year, 
in the plane of the Ecliptig, a Therefore, whatever 
ſign and degree of the Ecliptic the Earth is in, at 
any given time, the Sun will then APPEAr to be in 
the oppoſite ſign and degree. 
ue © nearer that any body is to 1 ggg. the 
more it is attracted by him; and. this attraction 


Increaſes as the ſquare of the diſtance diminiſhes; 


and vice verſd. 

The Earch's annual Orbit is elliptical, and the 
Sun is placed 1 in one of it's focuſes. The remoteſt 
8 | point 
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point of the Earth's orbit from the Sun, is called 
| The Earth's Apbelion; and the neareſt point of the 
| Earth's orbit to the Sun, 1s called The Earth's Peri- 
| kelion, When the Earth is in it's Aphelion, the 
| Sun appears to be in it's Apogee; and when the 


Earth is in it's Perihelion, the Sun appears to be 


in it's Perigee. 


As the Karth moves from it's Aphelion to it's 
Perihelion, 1t 1s conſtantly more and more attracted 
by the Sun; and this attraction, by conſpiring in 
ſome degree with the Earth's motion, muſt neceſ- 
ſarily accelerate it. But as the Farth moves from 


it's Perihelion to it's Aphelion, it is continually 
| leſs and leſs attracted by the Sun; and as this at- 


traction acts then juſt as much againſt the Earth's 
motion, as it acted for it in the other half of the 
Orbit, it retards the motion in the like degree. — 
The faſter the Earth moves, the faſter will the Sun 
appear to move; the lower the Earth moves, the 
flower 1s the Sun's apparent motion. 

The Moon's orbit 1s alſo elliptical, and the Earth 
keeps conſtantly in one of it's focuſes. —The Earth's 
attraction has the fame kind of influence on the 
Moon's motion, as the Sun's attraction has on the 
motion of the Earth: and therefore, the Moon's 
motion muſt be continually accelerated whilſt ſhe 
is paſſing from her Apogee to her Perigee; and as 
gradually retarded i in moving from her Perigec to 
her Apogee. 


At the time of New Moon, the Moon is nearer 


the Sun than the Earth is at that time, by the whole 
ſemidiameter of the Moon's orbit; which, at a mean 
ſtate, is 240,c00 miles: and at the Full, ſhe is as 
much farther from the Sun than the Earth then is. 
—Conſequently, the Sun attracts the Moon more 
than it attracts the Earth in the former caſe, and 
lefs in the latter. The difference 1s greateſt when 
the Earth is neareſt the Sun, and leaſt when it is far- 
theſt from him, The obvious reſult of this is, that 
as the Earth is ncareſt to the Sun in winter, and 

| | farchelt 
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fartheſt from. him in ſummer, the Moon's orbit 
muſt be dilated in winter, and contracted in ſummer. 

Theſe are the principal cauſes of the difference of 
time, that generally happens between the mean and 
true times of conjunction or oppoſition of the Sun 
and Moon. As to the other two differences, viz. 
thoſe which. depend on the difference between the 
anomalies of the Sun and Moon, and uponthe Sun's 
diſtance from the lunar Nodes, in the ſyzygies, they 
are owing to the different degrees of attraction of 
the Sun and Earth, upon the Moon, at greater or 
leſs diſtances, according to their reſpective anoma- 
lies, and to the poſition of the Moon's N odes with 
reſpect to the Sun, 

If ever it ſhould happen, that the anomalies of 
both the Sun and Moon were either nothing or 6x 
ſigns, at the mean time of New or Full Moon, and 
the Sun ſhould then be in conjunction with either 
of the Moon's Nodes, all the above-meationed 
equations would yaniſh, and the mean and true 
time of the ſyzygy would coincide. But if ever 


this circumſtance did happen, we e expect the 


like again in many ages afterward. 
Every 49th Lunation (or Courſe of the Moon 
from Change to Change) returns very nearly to the 
ſame time of the Day as before. For, in 49 mean 
Lunations there are 1446 days 23 hours 58 minutes 
29 ſeconds 25 thirds, which wants but 1 minute a 
o ſeconds 34 thirds of 1477 days. | 
In2953059085108 Gays, thereare 100000000009 
mean Lunations exactly: and this is the {ſmalleſt 
number of natural days in which any exact -uhct 
of mean ee are complcated, F461 
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 PrECEPT. J. If the required time be within the 
limits of the 18th century, write out the mean time 
of New Moon in March, for the propoſed year, 
from Table I. in the Old Stile, or from Table II. 
in the New; together with the mean Anomalies 
of the Sun and Moon, and the Sun's: mean Dif- 
tance from the Moon's aſcending Node. — If you 
want the time of Full Moon in Marcb, add the 
half Lunation at the foot of Table III, with it's 
Anomalies, &c. to the former numbers, if the 
New Moon falls before the 13th of March; but 


if it falls after, ſubtract the half Lunation, with 
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the Anomalies, &c. belonging to it, from the for- 
mer numbers, and write down the reſpective ſums 
or remainders. F 

II. In theſe additions or ſubtractions, obſerve, 
chat 60 ſeconds make a minute, 60 minutes make 
a degree, 30 degrees make a ſign, and 12 ſigns 
make a eircle.— When you exceed 12 ſigns in ad- 
dition, reject 12, and ſer: down the remainder.— 


When the number of ſigns to be ſubtracted is 


greater than the number you ſubtract from, add 
12 ſigns to the leſſer number, and then you will 
have a remainder to ſer down. — In the Tables, 
ſigns are marked thus, degrees thus * minutes 
$008” „and ſeconds thus, © 

III. When the required New or F all Moon is 
in any given month after March, write out as many 
Lunations, with their Anomalies, and the Sun's 
diſtance from the Node, from Table III, as the 
given month is after March; ſetting them 1 in order 
vom the numbers taken out for Marth. - 

IV. Add all theſe together, and they will give 
the mean time of the required New or 'Full Moon, 
With the Mean Anomalies and Sun's mean diſtance 
from the aſcending Node, which are the Argu- 
wy for _— the proper Equations. 
15810 v. With 


a * a * " * 
* » 


= 340 : Precepts relati ve to 0 preceding Tables. 


v. With the number of days added together, 
enter Table IV. under the given Month; and againſt 
that number you have the day of mean New or 
Full Moon in the left-hand column, which ſet 
before the hours, minutes, and ſeconds, already 
found. 

But (as it will ſometimes happen). if the ſaid 
number of days falls ſhort of any in the column 
under the given month, add one Lunation and it's 
Anomalies, &c. (from Table III.) to the foreſaid 
ſums, and then you will have a new ſum of days 
wherewith to enter Table IV. under the given 
month, where you are ſure to find it the ſecond 
time, if the firſt falls ſhorr. . 

VI. With the ſigns and degrees of the Sun's 
Anomaly, enter Table VII. and -therewith take 
out the annual or firſt Equation for reducing the 
mean Syzygy to the true; taking care to make 
proportions in the Table for the odd minutes and 
ſeconds of Anomaly, as the Table Hes the er 
tion onhy to whole degrees. 

Obſerve, in this and every other caſe of finding 

uations, that if the ſigns are at the head of the 
Table, their degrees are at the left hand, and are 
reckoned downwards; but if the ſigns are at the 
foot of the Table, their degrees are at the right 
hand, and are counted upward ; the equation be- 
ing in the body of the Table, under or over the 
ſigns, in a collateral line with the degrees. The 
titles Add or Subiraft at the head or foot of the 
Tables where the ſigns are found, ſnew whether 
the Equation is to be added to the mean time of 
Newor Full Moon, or to be ſubtracted from it. 

Ia this Table, the Equation is to be ſubtracted, if 
the ſigns af the Sun's: Anomaly are found at the 
-head: "of the Table; but it:is to be added, if the 
* are at the fot.. 

VII. With the ſigns and doaibesi of” ths Sun's 
ed Anomaly, enter Table VIII. and take out 
the Equation of the Moon's mean ame; ſub- 

A tract 
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Precepts relative to the preceding Tables. 
tract this Equation from her mean Anomaly, if the 


Table, but add it if they are at the foot; the re- 
ſult will be the Moon's equated Anomaly, with 
which enter Table IX, and take out the ſecond 
Equation for reducing the mean to the true time 
of New or Full Moon; adding this Equation, if 
| the ſigns of the Moon's Anomaly are at the head 
of the Table, but ſubtracting it if they are at the 
foot, and the reſult will give you the mean time of 
the required New or Full Moon twice equated, 
which will be ſufficiently near for common alma- 
nacks. But when you want to calculate an Eclipſe, 
the following Equations muſt be uſed: thus, 
VIII. Subtract the Moon's equated Anomaly 
from the Sun's mean Anomaly, and with the re- 
mainder in ſigns and degrees, enter Table X, and 
take out the third Equation, applying it to the 
former equated time, as the titles, Add or Subtract, 
ET... Go ent on its : 
IX. With the Sun's mean diſtarice from the aſ- 
cending- Node enter Table XI, and take out the 


WTR - 3 1 


LI J—__ % ST * 


5 Equation Anſwering to that argument, adding it to, 
. or ſubtracting it from the former equated time, as 
2 the titles direct, and the reſult will give the time 
c of New or Full Moon, agreeing with well-regu- 
: lated clocks or watches, very near the truth. Burt, 
> to make it agree with the ſolar, or apparent time, 
> apply the Equation of natural days, for in the 
. Tables (from-page 161 to page 173) as it is Leap- 
F year, or the firſt, ſecond, or third after. 

A The method of calculating the time of any New 
; or Full Moon without the limits of the 18th cen- 
f tury, will be ſhewn further on. And a few Ex- 
. amples compared with the Precepts, will make the 
e whole work plain. 2. 
V. B. The Tables begin the day at noon, and 
s VS&sireckon forward from thence to the noon following. 
t Thus, March the 31ſt, at 22 h. 30 min. 25 ſec. of 
* tabular titne, is April 1ſt (in common reckoning) at 
t 30 ſec. after 10 o'clock in the morning. 
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relative to the. preceding 7 ables." -- 


limits of "the 2 8th century, we had beſt * 
the Old Stile, and at the end of the Fal 


reduce the time to the New. Thus, in the 22 - if 


century, there will -be 14 days difference betwe 
the Stiles; and therefore, the true time of New 
Moon in this laſt Example being reduced to the 
New Stile, will be the 22d of Fuly, at 22 minutes 
55 n oy VI in the evening. 


To 2 the true * of the Sur JH any given 
moment of ume. | 


Phoebe I. In Table XII. end = next leſſer 


year in number to that in which the Sun's place 


is ſought, and write out his mean Longitude and 


Anomaly anſwering thereto: to which add his 


mean Motion and Anomaly for the compleat re- 


ſidue of years, months, days, hours, minutes and 


ſeconds down to the given time, and this will be 
the Sun's mean Place and Anomaly at that time, 
in the Old Stile, provided the ſaid time be in any 
year after the Chriſtian ra. See the firſt FOTOS 
Example, 


II. Enter Table XIII wick the Sun's mean ano- 
maly, and making proportions for the odd minutes 
and ſeconds thereof, take out the Equation of the 
Sun's center : which, being applied to his mean 
Place as the title Add or Subiradt directs, will give 
his true Place or Longitude from the Vernal Equi- 
nox, at the time for which it was required. 


III. To calculate the Sun's place for any time 
in a given year before the Chriſtian era, take out 


| his mean longitude and Anomaly for the firſt year 


thereof, and from theſe numbers, "na the mean 
Motions and Anomalies for the compleat hundreds 
or thouſands next above the given year; and, to 
the remainders, add thoſe for the reſidue of years, 
months, &c. and then work in all reſpects as above. 
See the ſecond Example following. 
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Cunctrnin Eclipſes of the Sun and Moon. 


Bo that in the meridian of London, the Sun Was 
hen: Juſt entering the ſign Libra, and conſe- 
quently was. upon. the. Point of the. Autumnal 


uinox. 

9 "7 to the above time of the Ayturnnal Equitiox 

at London, we add 2 hours, 25 minutes 41 ſe- 
conds for the longitude of Babylon, we ſhall 
have for the time of the ſame Equinox, at that 
Place, 'Oftober 2 3d, at 19 hours 22 minutes 41 ſe- 
conds; which in the common way of reckoning, 
is Ofober 24th, at 22 minutes 41 * paſt VII 
in the morning.. 
And it appears by Examble VI. that in the ſame 
year, the true time of Full Moon at Babylon was 
Ockober 23d, at 42 minutes 46 ſeconds after VI in 
the morning; ſo that the Autumnal Equinox was 
on the day next after the day of Full Moon. —The 
Dominical letter for that year was G, and conſe- 
- 4B the 24th of Oober * on a Medneſday. 


5 The reaſon why this * makes the Atdtmnal 
EY in the year of the Julian Period 706, to be two 
days ſooner than the time of the ſame Equinox mentioned in 
page 153 is, that in ht page, only the mean time is taken 
into the account, as if there was no Equation of the Sun's 
motion. 

The Equation at the 4 Equinox then, did not ex- 
need an hour and a quarter, when reduced to time.—But, in 
the year of Chriſt 1756 (which was 5763 years after) the 
Equation at the Autumnal Equinox amounted to 1 day 22 

ours 24 minutes, by which quantity, the true time fell later 
than the mean.— So that, if we conſider the true time of this 
laſt- mentioned Equinox, only as nean time, the mean Motion 
of the Sun carried thence back to the Autumnal Equinox in 
the year of the Julian Frid -706 42 fix it to the * of 
POPE in — oy . 1 


my 


* 


n Eelipſes Fi 11 Sun and Aber 


: 5 654 oh Sur s diſtance from the Moor s aſcending 
7 Node, at the time of any given Netw or Full Moon 
and conſequently, to 72 wherber Fhere 6 is an 1 E clipſe 


at that lime, or not. * 


Node is the argument for finding the Moon's 
fourth Equation | in the Syzygies, and therefore it 
is taken into all the foregoing Examples in finding 
i the times thereof. — Thus, at the time of mean 
New Moon in April 1764, the Sun' mean Diſtance 
from the aſcending Node, is © * 3 5. 2% See Ex- 
ample 1, 306. 7 5 
The Segcending! Node is oppoſite to the aſcend- 
ing one, and they are Juſt fix Sigus diſtant from 
Jeach other. Hes Fog 
When the Sun is Michi) gte of either of 
the Nodes at the time of New Moon, he will be 
eclipſed at that time: and when he is within 12 
degrees of either of the Nodes at the time of Full 
Moon, the Moon will be then eclipſed. —Thus we 
find, that there will be an Eclip le of the Sun at the 
time of New Moon in April — 5 
But the true time of that New Moon comes 5 out 
by the Equations to be g0 minutes 46 ſeconds 
later than the mean Time thereof, by comparing 
theſe times in the above Example: and therefore, 
ue muſt add the Sun's motion from the Node 
| nie that interval, to the above mean Diſtance 
% 5? 35, 2, which motion is found in Table XII. 
for 50 minutes 46 ſeconds, to be 2 12. And to 
this we muſt apply the Equation of the Sun's 
mean Diſtance from the Node, in Table XV. found 
by the Sun's anomaly, which, at the mean time 
of New Moon in Example I. is 9.19 26 1973 
Jand then we ſhall have the Sun's true Diſtance 
ram the Node, at the true time of New Moon, 
Jas follows : - 
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Sun s motion from the 50 minutes 2 10 


n — —946 N a Og 


true New Moon  — — — 13 'S 5 bi 
i HS of mean Diſtance = 


dB Diſtance Hom. gest 5 57 —— 


cending Node ' — 

Which being far within the above limit of 17 
degrees, ſthews that the Sun muſt then be eclipſed, 

And now we ſhall ſhew how to project this, or 


any enn either of the Sun or 1 


E project au Eagle of the Sun. 


In 8 to this, we muſt find the ren following 
Elements, by means of the Tables. 

1. The true Time of conjunction of the Sun and 
Moon; and at that time, 2. The ſemidiameter of 
the Farth's' diſc, as ſeen from the Moon, which i is 

'to the Moons horizontal parallax. 3. The 
Sun's diſtance from the folftitial Colure to which 
he is then neareſt. 4. The Sun's declination. 5. 


The angle of the Moon's viſible path with the 


Ecliptic. 6. The Moon's latitude. 7. The 'Moon's 


true horary ory from the Sun. 75. The Sun's 


femidiameter. 9. The Moon 8. 10. The ſemi 
diameter of the Abe | iy 0 
We ſhall now proceed to find theſe Elements 


for the Sun's Eclipſe in April 1764. 


To find the true lime of New Moon. Thi 8, by 
Example I. pag. 306, is found to be on the firſt 
day of the faid month, at 30 minutes N IEFDnOS 


r X in the morning. 
; 1 5 | 2. To 


2. To fond the Moors horizontal ple; of Jemiis 
iameter of the EartV's diſc, as | ſees from the Moon, 
e Table XVII. with the figns and degrees of 
the Moon's Anomaly (making proportions, becauſe 
the Anomaly is in the Table only to every 6th 
de; gree) and thereby take out the Moon's horizbn- 
tal parallax; which, for the above time, anſwering 
tothe Anomaly r1* 9® 24 21”, is 54 53 
3. To find the Sun's diſtance from the neareſt Sol- 
flice, viz.” the beginning of Cancer, which is 3 or 909 
from the beginning of Aries. It appears by the 


Example on page 314 (where the Sun's place is 


calculated to the above time of New Moon) that 
the Sun's longitude from the beginning of Aries 
is then 0» 129 10'_12”: chat! is, the Sun's Place at 
that time is vp Aries, 129 10 12. I TO 1 7 5 

FIT Ld 32 ty Oats i AS BAL 


Tee rage. . b. 4 — 3 0 O o 


Subrract the Sun' 's longitude or proce, © O12 10 12 
Remains the Sun's diftance from —, Th 
the Solſtice s — — * 17 49 4 


Or 47 49 48”; each fign containing 30 degrees. 


. To find the Sun's declination. Enter Table 
XIV. with the ſigns and degrees of the Sun's true 
place, viz. o. 129, and making proportions for the 
10 12”, take out the Sun's declination anſwer- 
ing to his true place, and it will be found to be 
Pg OO TO T3 

5. Tofind the Moon's latitude. This depends on 
her diſtance from her aſcending Node, which is the 
ſame as the Sun's diſtance from it at the time of 
New Moon ; and is thereby found in Table XVI. 


But we have already found, that the Sun's equated 


| diſtance from the aſcending Node, at the time of 


New Moon in * 1764, is 0? 7 42" s I See 
the preceding page. 

Therefore, enter Table XVI. with, fo) Gans at the 
top, and 7 and 8 degrees at the left hand, and 
take out 36 and 39, the latitude tor 75 and 


7 „ 


cred 7 deg grees z. her true Latitude will be found 
Sun. With the Moon's Anomaly, viz..11* 9 24 


that Table, will be found to be 30 22”. Then, 


his horary motion 2" 28 from the ſame Table: 


motion from the Sun. 


her ſemidiameter 14 57”. 


the Moon's ſemidiameter to the Sun's, and their 


= te, 


— 
* 


4. Sun's declination, north 449 0 


_ 
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”, the latitude for 8 and by making pro- 
1 between theſe latitudes for the 42 14% 
FE which the Moon's diſtance from the Node ex- 


to be & 165 north aſcending. 5 
6. 7 0 \ ud the Moon's true horary motion from the 


21”, enter Table XVII. and take out the Moon 
horary motion; which, by making proportions in 


* 


with the Sun's Anomaly, 9* 19 26 19”, take out 


and ſubtracting the latter from the former, there 
will remain 27 54 for the. Moon's s true horary 


7. To find the oo FA the "Moon's 5 wiible* path 
aviththeEcliptic. This, in the pre 


25 may be 7 rated at 30 35 without any 


. To. "find tbe ſemidiameters. * the Sun oy 
Meon. Theſe are found in the-lame Table, and 
by the fate Arguments, as their horary Motions. 
In the preſent caſe, the Sun's Anomaly gives his 
ſemidiameter 16 6”, and the Moon's Anomaly gives 


10. To find the an er by the Penumbra. Add 


ſum will be the ſemidiameter of the Penumbra, 
313. ; 

Now collect R's Elements, that they may by 
found the more readily when they are wanted i in 
the conſtruction of this Eclipſe. | 
1. True time of New Moon in ! Es EE IT 

April 19764 — — — — $3? 39 25 


— „ „ FY —_— 


G—_—_ n A 


99 MN 


2. Semidiameter of the Earth's diſc o 54 53 
3. Sun'sdiſtance from the neareſt Solſt. 77 49 48 


5. Moon's latitude, north aſcending o 40 18 
N 2 4 6. Moon's 
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he Geometrical Conſtruction 
of SOLAR and LUNAR 
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The Delineation of Solar E clipfe g. 5 * 
6. Moon's horary motion from the Sun 0 27 54 


5 85 


7. Angle of the Moon's a 
Path with the Echptic — 
8. Sun's ſemidiameter 
9. Moon's ſemidiameter ef 
10. . of oy Ty 


: 


To endes an Hans 1 the Sun geometrinaly; 


Make a ſcale of any convenient length, as AC, Plats 
and divide it into as many equal parts asthe Earth's pig. "5 
ſemi-diſc contains minutes of a degree; | which; at 
the time of the Eclipſe in April 176, is 34 53 
Then, with the ar ary length of the ſcale as a 

radius, deſcribe the ſemicircle AB upon the cen- 
ter C; which ſemicircle ſhall repreſent the northern 
half of the Earth's enlightened diſc, as ſeen from 
the Sun. 

Upon the center Gl caiſe the ge line CE, 
perpendicular to the diameter AB; fo ACB ſhall - 
be a part of the Eclipric; and C H it's Axis. 

Being provided with a good ſector, open it to 
the radius CA in the linè of chords: and taking 
from thence the chord of '2 34 degrees in your 
compaſſes, ſet it off both ways from H, to g and to 
h, in the periphery of the:ſemi-diſc 3) and draw the 
ſtraight line g Vb, in which che North Pole of the 

Diſc will be always found. f | 

When the Sun is in: pg Tairos,! Gras; 
Cancer, Leo, and Virgo, the North Pole of the 
Earth is enlightened ;by the Sun: but whilſt the 

Sun is in the other ſix Signs, the South Pole is en- 
lightened, and the North Pole is in the dark. 

And when the Sun is in Capricorn, Aquarius, 
Piſces, Aries, Taurus, and Gemini, the northern 
half of the Earth's axis C XII P lies to the right 
hand of the Axis of the Ecliprtic, as ſeen from the 
Sun; and to the left hand, whilſt the Sun is in the 


other {ix Signs. 1-1 oy 


211 Delineation of Stlar Eclipſes, 
Open the ſector till the radius (or diſtance of the 


two go's) of the fines be equal to the length of 
Vb, and take the ſine of the Sun's diſtance, from 


the Solſtice (77 49 48”) as nearly as you can 


gueſs, in your compaſſes, from the line of ſines, 
and ſet. off that diſtance from to P in the line 
gl, becauſe the Earth's axis lies to the right 
hand of the Axis of the Ecliptic in this caſe, che 
Sun being in Aries; and draw. the ſtraight line 
CXII P for the Earth's axis, of which P 1s the 


North Pole. If the Earth's axis had lain to the 
left hand from the axis of the Ecliptic, the anne | 


V would have been ſet off from # towards F. 

- To draw the Parallel of Latitude of any given 
place, as. ſuppoſe London, or the path of that place 
on the Earth's enlightened diſc as ſeen from the 


Sun, from Sum- riſe till We. _ the following 


method. | 
Subtract the Latitude of Londen, 51 o from 90* * 
and the remainder 38% will be the co-Jatitude, 
which take in your compaſſes from the line of | 
chords, making CA or CB the radius, and {et it 


from h (where the Earth's axis meets the Peri- 


phery of the Diſc) to VI and VI, and draw the 


occult or dotted line VI XVI. Then, from the 


points where this line meets the Earth's Diſc, ſet 


off the chord of the Sun's declination 4* 49 to 


D and , and to E and G, and connect theſe points 
by the twooccult lines F X11G and DLE. 

- Bife&L KXII in X, and through the point & 
draw the black line VI X VI. Then err C B 
the radius of a line of ſines on the ſector, take the 
co - latitude of London 38 from the ſines in your 
compaſſes, and ſet it both ways from K, to VI and 
VI. Theſe hours will be juſt in the edge of the 
Diſe at the m but at no other time in the 
whole year. f 

With the extent K VI taken into your com- 
paſſes, ſet one foot in K (in the black line below. 


* 8 one) a5 a center: and with the other foot 
** deſcrive 


_ 


The Delineation of Solar Eclipſes. 
| geſeribe the ſemicircle. Vl 7 8 9 10, &c. and divide 
it into 12 equal parts. Then, from theſe points of 


diviſion, draw the oceult lines 7 p, 8 o, 9 n, &c. 
parallel to the Earth's axis C XII P. 


With the ſmall extent K XII as a adi deſcribe 
the quadrantal Arc XII /, and divide it into ſix 
equal parts, as XII a, ab, bc, cd, de, and ef; 


hd through the divilion- points a, b, c, d, e draw 
the occult lines VII eV, VIII AIV, IX e III. x 5 II, 


and XI a7, all parallel to VIX VI, and meeting 
, 80, &c. in the points 


the former occult lines 7 
VII VIII IX X XI, V V III II and I: which 


points ſhall mark the ſeveral ſituations of London 


on the Earth's Diſc, at theſe hours reſpectively, 


as ſeen from the Sun; and the elliptic Curve 


VI VII VIII, &c. being drawn through theſe. 


points, ſhall repreſent the parallel of latitude, or 
path of London on the Diſc, as ſeen from the Sun, 


from it's riſing to it's ſetting. 


N. B. If the Sun's declination had been ſouth, 


the diurnal path of London would have been on the 
upper ſidè of the line VI K Vi, and would have 
touched the line DL Ein L.—!t is requiſite to 
divide the horary ſpaces into quarters (as ſome are 
in the figure) and, if poſſible, into minutes alſo. 

Make CB the radius of a line of chords on the 


ſector, and taking therefrom the chord of 5* 35", 
the angle of the Moon's viſible path with the Eclip- 


tic, ſet it off from H to Mon the left hand of CH, 
the Axis of the Ecliptic, becauſe the Moon's lati- 


- tude is north aſcending. Then draw C M for the 


Axis of the Moon's orbit, and biſect the angle 
MC H by the right-line C 2 —If the Moon's lati- 
tude had been north deſcending, the Axis of her 


Orbit would have been on the right hand from the 


Axis of the Ecliptic.——N. -B. The Axis of the 
Moon's orbit lies the ſame way when her Latitude 
is ſouth aſcending, as when it is north aſcending ; 


and the fame way when ſouth OI as When 
Take 


north e 
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_ The Delineation of Solar Eclipſes. 


Take the Moon's latitude 40 18” from the ſcale 


C A in your compaſſes, and ſet it from i to x in the 


biſecting line C z, making i x parallel to Cy: and 
through x, at right-angles to the Axis of the 


Moon's orbit C M. draw the ſtraight line Nwxy$S 


for the path of the Penumbra's center over che 


Earth's Diſc.—The point ww, in the Axis of the 
Moon's orbit, is that where the Penumbra's center 
approaches neareſt to the center of the Earth's 

Diſc, and conſequently is the middle of the. general 


Eclipſe :- the point x is that where the conjunction 


of the Sun and Moon falls, according to equal 
time by the Tables; and the point y is the echp- 
tical conjunction of the Sun and Moon. 

Take the Moon s true horary motion from the 
Sun, 27, 54”, in your compaſſes, from the ſcale 
CA every diviſion of which is a minute of a de- 
gree) and with that extent make marks along the 
path of the Penumbra's center; and divide each 
ſpace ftom mark to mark, into ſixty equal parts or 
horary minutes, by dots; and ſet the hours to every 
both minute in ſuch a manner, that the dor ſigni- 
fying the inſtant of New Moon by the Tables, 
may fall into the point æ, half way between the 


Axis of the Moon's orbit, and the Axis of the 


Ecliptic; and then, the reſt of the dots will ſhew 


the points of the Earth's Diſc, where the Penum- 


bra's center is at the inſtants denoted by them, in 


it's Tranſit over the Earth. 


Apply one ſide of à ſquare to the line of the 
Penumbra's path, and move the ſquare backwards 
and forwards, until the other ſide of it cuts the 
ſame hour and minute (as at n and m) both in the 
path of London, and in the path of the Penumbra's 
center: and the particular minute or inſtant which 
the ſquare cuts at the ſame time in both paths, 


ſhall be the inſtant of the viſible conjunction of the 


Sun and Moon, or greateſt obſcuration of the Sun, 
at the place for which the conſtruction is made, 


namely, London, in the preſent example; and this 


inſtant 


7. he Delineation of Solar E clipſes. 


infant 1 is at 474 minutes paſt X o'clock in the 


morning; which 1s 17 minutes 5 ſeconds later than 


the tabular time of true conjunction. 


Take the Sun's ſemidiameter, 16 6”, in your 


compaſſes, from the ſcale C A, and ſetting one foot 
in the path of London at m, namely, at 474 minutes 


paſt X, with the other foot deſcribe the circle U, 
which ſhall repreſent the Sun's Diſc as ſeen from 
London at the greateſt obſcuration. —Then take the 
Moon's ſemidiameter, 14 57”, in your compaſſes 
from the ſame ſcale; and ſerting one foot in the 
path of the Penumbra's center at m, in the 475 
minute after X; with the other foot deſcribe the 
circle 72 for the Moon's Diſc, as ſeen from London, 
at the time when the Eclipſe is at the greateſt ; 

and the portion of the Sun's Diſc which 1s hid or 
cut off by the Moon's, will ſhew the quantity of 
the Eclipſe at that time; which quantity may be 
meaſured on a line equal to the Sun's diameter, 
and divided into twelve equal parts for digits. 


Laſtly, take the ſemidiameter of the Penumbra, 
317 3”, from the ſcale CA in your compaſſes ; and 


ſetting one foot in the line of the Penumbra's cen- 
tral path, on the left hand from the Axis of the 
Ecliptic, direct the other foot toward the path of 
London; and carry that extent backwards and for- 
wards, till both the points of the compaſſes fall 
into the ſame inſtants in bath the paths: and theſe 
inſtants will denote the time when the Eclipſe be- 
gins at London. — Then, do the like on the right 
hand of the Axis of the Ecliptic ; and where the 
points of the compaſſes fall into the fame inſtants 
in both the paths, they will ſhew at what time the 


Eclipſe ends at London. 


Theſe trials give 20 minutes after IX in the 
morning for the beginning of the Eclipſe at London, 
at the points N and O; 4742 minutes after X, at 
the points m and n, for the time of greateſt obſcu- 


ration; and 18 minutes after XII, at R and S, far 


T3 the 


326 


Moon, before the projection be begun; as is done 


farther ſouthward in all places of ſouthern latitude, 
than it is ſhewn to do in theſe projections.— Ac- 


theſe Tables, or Mr. Flamſtead's, or Dr. Halley's make 


5 The Delineation of Solar Echpſes. 


the time when the Eclipſe ends; according to 
mean or equal tine. Da \; 

From theſe times we muſt ſubtract the equation 
of natural days, viz. 3 minutes 48 ſeconds, in Leap- 
year April t, and we ſhall have the apparent times; 
namely, IX hours 16 minutes 12 ſeconds for the 
beginning of the Eclipſe, X hours 43 minutes 42 
ſeconds for the time of greateſt obſcuration, and 
XII hours 14 minutes 12 ſeconds for the time 
when the Eclipſe ends.—Bur_ the beſt way is to 
apply this Equation to the true equal time of New 


in Example I. For the motion or poſition of 
Places on the Farth's Diſc anſwer to apparent or 
ſolar time. Fett 
In this conſtruction it is ſuppoſed, that the angle 
under which the Moon's Diſc is ſeen, during the 
whole time of the Eclipſe, continues invariably the 
ſame; and that the Moon's motion is uniform and 
rectilineal during that time. But theſe ſuppoſitions 
do not exactly agree with the truth; and therefore, 
ſuppoſing the Elements given by the Tables to be 
accurate, yet the times and phaſes of the Eclipſe, 
deduced from it's conſtruction, will not anſwer ta 
exactly what paſſeth in the Heavens; but may 
be at leaſt two or three minutes wrong, though 
done with the greateſt care. Moreover, the paths 
of alt places of conſiderable latitudes are nearer the 
center of the Earth's Diſc, as ſeen from the Sun, 
than thoſe conſtructions make them; becauſe the 
Diſc is projected as if the Earth were a perfect a 
= although it is known to be a ſpheroid. 
' Conſequently, the Moon's ſhadow will go farther 
northward in all Places of northern latitude, and 


. n umm. wat 


cording to Meyer's Tables, this, Eclipſe will be 
about a quarter of an hour ſooner than either 


N: 


ders: the Sun's 13“ 56”, and the Moon's 15 38”. 


The Delineation of Lunar Eclipſes. 
De la Caille's make it almoſt central. 


T he projettiou of Lunar Eclipfes & h 


When the Moon is within 12 degrees of either 


of her Nodes, at the time when ſhe is full, the will 


be eclipſed, otherwiſe not. | * 
We find by Example II, page 30), that at the 
time of mean Full Moon in May 1762, the Sun's 


diſtance from the aſcending Node was only 4* 49 


35”; and the Moon being then oppoſite to the 
Sun, mult have been juſt as near her deſcending 
Node, and was therefore echpled. __ ' 
The elements for conſtructing an Eclipſe of the 
Moon, are eight in number, as follow: _ 5 


1. The true time of Full Moon: and at that 


time, 2. The Moon's horizontal parallax. 3. The 


Sun's ſemidiameter. 4. The Moon's. 5. The 
ſemidiameter of the Earth's ſhadow at the Moon, 


6. The Moon's latitude. 7. The angle of the 


Moon's viſible path with the Ecliptic. 8. The 


Moon's true horary motion from the Sun. 


Therefore, | | N 
I. To find the true time of Full Moon. Work as 
already taught in the Precepts. Thus we have the 
true time of Full Moon in May 1762 (fee Exam- 
ple II. page 307) on the 8th day, at 50 minutes 
50 ſeconds paſt III o'clock in the morning. 
2. To find the Moon's horizontal Parallax. Enter 
Table X VII. with the Moon's mean Anomaly (at 
the above full) 9 29 42 42”, and thereby take out 


her horizontal Parallax; which, by making the re- 


quiſite proportions, will be found to be 37 23”. 
3, 4. To find the ſemidiameters of the Sun and 
Moon. Enter Table XVII. with their reſpective 


Anomalies, the Sun's being 10˙7 25 45” (by the 


above Example) and the Moon's 9* 29 42* 42”; 
and thereby take out their reſpective fetmidiame- 


Y 4 | 5. 


To 


it;: and will not be annular at London. But M. 
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4 To find the ſemidiameter of the Earth s ſhadow 


at the Moon. Add the Sun's horizontal parallax, 


which is always 100 to the Moon's, which in the 
preſent caſe is 37 27”, the ſum will be 37 33” ” 
from which ſubrra&the San' 8 ſemidiameter . 
and there will remain 41 37 for the ſemidiameter 
of that part of the Earth's ſhadow which the Moon 
then paſſes through. 

6, To find the Moon $ Attends; Find the Sun's 
true diſtance from the aſcending Node (as already 


taught in page 317) at the true time of Full Moon; 
and this diſtance increaſed by ſix ſigns, will be the 


Moon's true diſtance from the ſame Node; and 
conſequently the argument for finding her true la- 
titude, as ſhewn in page 319. 

Thus, in Example II. the Sun's mean diſtance 
from the aſcending Node was o 49 49 35”, at the 
time of mean Full Moon: but it appears by the 


Example, that the true time thereof was 6 hours 33 


minutes 38 ſeconds ſooner than the mean time, and 
therefore we muſt ſubtract the Sun's motion from 
the Node (found in Table XII. page 298) during 


this interval, from the above mean diſtance 05 4 
49 35ů, in order to have his mean diſtance from it 


at the true time of Full Moon. Then to this apply 


the Equation of his mean diſtance from the Node, 


found i in Table XV. by his mean Anomaly 107 
27 45”; and laſtly add fix figns: fo ſhall the 
Moon's true diſtance from the en Node be 


found as follows: 
1 


Sun from Node at mean Full Moon oO 4 49 35 5 


_ - _ a 


| 6 hours 15 3 p 
His motion from 1 it in 33 minutes I 26 
| 38 ſeconds +4 


—_— 


— 
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Equation of his mean diſtance, add 1 38 0 
Sun's true Diſtance from the Node © 6 10 32 
To which add G0 a 
And the ſum will be | 6 6 10 32 


Which is the Moon's true diſtance from her aſcend- 
ing Node at the true time of her being Full; and 
conſequently the Argument for finding her true 
Latitude at that time.—Therefore, with this argu- 
ment, enter Table XVI. making proportions be- 


tween the latitudes belonging to the 6th and 7th 
degree of the argument at the left hand (the ſigns 


being at the top) for the 10 32“, and it will give 
32 21” for the Moon's true latitude, which ap- 


pears by the Table to be ſouth deſcending. | 


7. To find the angle of the Moon's Vifib, ble path with 
the Ecliptic. This may be ſtated at 5˙ 35 withe 
out any error of conſequence in the projection of 
the Eclipſe, | 

8. To find the Moon's true horary motion from the 
Sun. With their reſpective Anomalies take out 
their horary motions from Table XVII. in page 
302 ; and the Sun's horary motion ſubtracted trom 
the Moon's, leaves remaining the Moon's true 
horary motion from the Sun: in the preſent caſe 


30 52", 


Now collect theſe Elements together for uſe. 


D. H. M. S. 
1. True time of Full Moon in 

May, 1762 ; 2 40008 

: | | O . Pd 
2. Moon's horizontal Parallax 323 
3. Sun's ſemidiameter ee e 
4. Moon's ſemidiameter 0 0 O I5 38 

Semidiameter of the Earth's ſhadow } ; 

at the Moon ® $5009 

6, Moon's 


39 
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6. Moon's true latitude, South Gee ing o 32 21 


7. Angle of her viſible path with the 7 
Ecliptic 19. 3p 9 
8. Her true horary motion from the Sun o 30 52 


Theſe Elements being found for the contirace 
tion of the Moon's Eclipſe in May, 1762, proceed 
as follows : 

Make a ſcale of any convenient length, as V. X, 
and divide it into 60 equal parts, each part ſtand: 
ing for a minute of a degree. 


Draw the right line AC B (Fig. 3. ) for part of 


the Ecliptic, * C D perpendicular thereto for the 
ſouthern part of it's Axis; the Moon having ſouth 
latitude. 

Add the ſemidiameters of the Moon and Earth's 
ſhadow together, which, in this Eclipſe, will make 
85 15"; and take this from the ſcale in your com- 
paſſes, and ſetting one foot in the point Cas a 
center, with the other foot deſcribe the ſemicirck 
ADB, in one point of which the Moon's center 
will be at the beginning of the Eclipſe, and in ano- 
ther at the end thereof. 

Take the ſemidiameter of the Earth's ſhadow, 
41, 37”, in your compaſſes from the ſcale, and fet- 
ting one foot in the center C, with the other foot 
deſcribe the ſemicircle K LM for the ſouthern halt 
of the Earth's ſhadow, becauſe the Moon' s latitude 
is ſouth in this Eclipſe. 8 
Make CD equal to the radius of a line of chord: 
on the ſector, and ſet off the angle of the Moon's 
viſible path with the Ecliptic, 5 35”, from D to 
E, and draw the right line CF E for the ſouthern 


half of the Axis of the Moon's Orbit, lying to the 


right band from the Axis of the Ecliptic C D, be 
cauſe the Moon's latitude is ſouth enen 
It would have been the ſame way (on the other 
fide of the Ecliptic) if her Latitude had been 
north Aabes dig but contrary in both . if 
et 


* 
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her Latitude had been either north aſcending « or 


ſouth aſcending. 
ZBiſect the angle DC E by the rightlineCg; in 


which line, the true equal time of oppoſition of the 


Sun and Moon falls, as given by the Tables, 
Take the Moon's latitude, 32 21”, from the 

ſcale with your compaſles, and ſet it from C to G, 

in the line CG g; and through the paint G, at right 


angles to CF E, draw the right line P HG FN for 


the path of the Moon's center.—Then, F ſhall be 


the point in the Earth's ſhadow, where the Moon's 
center is at the middle of the Eclipſe; G, the point 


where her center is at the tabular time of her be- 
ing full; and H, the point where her center is at 


the inſtant of her ecliptical oppoſition, | 


Take the Moon's horary motion from the Sun, 
30 52”, in your compaſſes from the ſcale; and 
with that extent make marks along the line of the 
Moon's path P GN, then divide each ſpace from 
mark to mark, into 60 equal parts, or horary mi- 
nutes, and ſet the hours to the proper dots in ſuch 
a manner, that the dot ſignifying the inſtant of 
Full Moon (viz. 50 minutes 50 ſeconds after III 
in the morning) may be in the point G, where the 
line of the Moon's path cuts the line that biſects 
the angle DCE. 

Take the Moon's ſemidiameter, 15 38”, in your 
compaſles from the ſcale, and with that extent, as 
a radius, upon the points N, F, and P, as centers, 
deſcribe the circle © for the Moon at the begin- 
ning of the Eclipſe, When ſhe touches the Earth's 
ſhadow at V; the circle R for the Moon at the 
middle of the Eclipſe; and the circle $ for the 
Moon at the end of the Eclipſe, juſt leaving the 
Earth's ſhadow at V. 

The point N denotes the inſtant when the Eclipſe 


begins, namely, at 15 minutes 10 ſeconds after II 


in the mornipg: the point F the middle of the 


Eclipſe at 47 minutes 45 ſeconds paſt III; and 
che point P the end of the W at 18 minutes 


after 


An antient Eclipſe of the "Moon deſeribed. 


after V.—Art the greateſt obſcuration the Moon is 


10 digits * 


Concerning an antient Eclipſe of the Moon. 


It is recorded by Ptolemy, from Hipparchus, that 
on the 22d of September, the year 201 before the 
firit year of Chriit, the Moon roſe ſo much eclipſed 
at Alexandria, that the Eclipſe muſt have begun 
about half an hour before ſhe roſe, 

Mr. Carey puts down this Eclipſe in his Chro- 
nology as follows, among ſeveral other antient 
ones, recorded by different authors, 


Jul. Per. | Ecl. e Per. Calip. 2. An. 54. Hor, 7. Nabonaſſar 
4513 H. H. Alexandr. Dig. ect. 10. C27 
Sept. 22. 5 J. 4. 4 11.] I Mefer. 16, 


That is is, in \ the 4513th year of the we pers 
which was the 547th year from Nabonaſſar, and the 
54th year of the ſecond Calippic period, on the 16th 
day of the month Meſori (which anſwers to the 
22d of September) the Moon was 10 digits ecliplea 
at Alexandria, at 7 o'clock in the evening. 

Now, as our Saviour was born (according to the 
| Diony/ian, or vulgar Era of his birth) in the 471 3th 
year of the Julian period, it is plain that the 451gth 
year of that period was the 200th year before the 
year of Chriſt's birth; and conſequently 201 years 
before the year of Chriſt 1. 

And, in the year 201, on the 22d of September, 
it appears by Example V. (page 310) that the 
Moon was full at 26 minutes 28 ſeconds paſt VII 
in the evening, in the meridian of Alexandria. 

At that time, the Sun's place was Virgo 267 
I, according to our Tables; ſo that the Sun was 
then within 4 degrees of the Autumnal Equinox: 
and according to calculation, he muſt have ſet at 
Alexandria about 5 minutes after VI, and about 
one degree north of the welt. 


The 
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An anftent Eclipſe of the Moon deſcribed. 

The Moon being full at that time, would have 
riſen juſt at Sunſet, about one degree ſouth of the 
eaſt, if ſhe had been in either of her Nodes, and 
her viſible place not depreſſed by Parallax. . 

But her parallactic depreſſion (as appears from 
her Anomaly, viz. 10 69. nearly) muſt. have been 
55" 177 . which exceeded her whole diameter by 
24 53 3 but then, ſhe muſt have been elevated 
33 45 by refraction which ſubtracted from her 
Parallax, leaves 21“ 32” for Her viſible or apparent 


| depreſſion. 


And her true latitude was 30 north deſcend- 
ing, which being contrary to her apparent depreſ- 
ſion, and greater than the ſame by 8. 58”, her true 
time of riſing muſt have been juſt about VI 


o'clock. 


Now, as the Moon roſe about one degree ſouth 
of the Eaſt at Alexandria, where the viſible Hori- 


| zon is land, and not ſea, we can hardly. imagine 


her to have Dee leſs than 15 or 20 minutes of time 
above the true Horizon before ſhe was viſible. 4 

It appears by Fig. 4, which is a delineation of 
this Eclipſe reduced to the time at Aerandria, that 
the Eclipſe began at 53 minutes after Vin the 
evening; and conſequently 7 minutes before the 
Moon was in the true Horizon: to which, if we 
add 20 minutes for the interval between her true 
riſing and her being viſible, we ſhall have 27 mi- 
nutes for the time that the Eclipſe was begun 
before the Moon was viſibly riſen.—The middle 
of this Eclipſe was at 30 minutes paſt VII, when 
it's quantity was almoſt 10 digits, and it's ending 
was at 6 minutes paſt IX in the evening S0 that 
our Tables come as near to the recorded time of 
this Eclipſe as can be expected, after an elapſe of 
1960 years. 
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CHAP. xx. 
Of the fined Stars. 


Hxed Stars 
appear big- 


us Hai apparent diurnal revolutions being cauſed ſolely by 


than when the Earth's turning on it's Axis. They appear of 
dees, à ſenſible magnitude to the bare eye, bed the 


retina is affected not only by the rays of light 


teleſcope, 
which are emitted directiy from them, bur by 


many thouſands more, which falling upon our eye- 


lids, and upon the aerial particles about us, are re- 


flected into our eyes ſo ſtrongly, as to excite vi- 


brations not only in thoſe points of the retina-where 
the real images of the Stars are formed, but alſo 


in other points at ſome diſtance round about. This 


makes us imagine the Stars to be much bigger 


than they would appear, if we ſaw them only by 


the few rays which come directly from them, ſo 


as to enter our eyes without being intermixed with 
others. Any one may be ſenſible of this, by 


looking at a Star of the firſt magnitude through a 


long narrow tube; which, though it takes in as 


much of the Sky as would hold a thouſand ſuch 
Stars, it ſcarce renders that one viſible. 


The more a teleſcope magnifies, the leſs is the 


aperture through which the Star is ſeen ; and con- 
ſequently the fewer rays it admits into the eye. 


A — hat Now fince the Stars appear leſs ina teleſcope which 


; — 4 magnifies 200 times than they do to the bare eye, 


own light. inſomuch that they ſeem to be only indiviſible 
points, it proves at once that the Stars are at im- 


menſe diſtances from us, and that they ſhine by 


their own proper light. If they ſhone by bor- 
rowed light, they would, be as inviſible without 


teleſcopes as the Satellites of Jupiter are : for theſe 
5 Satellites 


＋ HE Stars are ſaid to be fred; eau 
they have been generally obſerved to 
ger when keep at the ſame diſtances from each other: their. 
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Satellites appear bigger when viewed with a good 
teleſcope than the largeſt fixed Stars do. | 

355. The number of Stars diſcoverable, in ei- 
ther Hemiſphere, by the naked eye, is not above 
a thouſand, This at firſt, may appear incredible, 
becauſe they ſeem to be without number: But the Their num- 
deception. ariſes from our looking confuſedly upon br _— 
them, without reducing them into any order. For generally | 
look but ſtedfaſtly upon a pretty large portion of snö⁵d. 
the Sky, and count the number of Stars in it, and 
you will be ſurpriſed to find them ſo few. And, if 
one conſiders how ſeldom the Moon meets with 
any Stars in her way, although there are as many 
about her Path as in other parts of the Heavens, 
he will ſoon be convinced that the Stars are much 
thinner ſown than he was aware of. The Britiſs 
catalogue, which, beſides the Stars viſible to the 
bare eye, includes a, great number which cannot 
be ſeen without the aſſiſtance of a teleſcope, con- 
tains. no more than zoco, in both Hemiſpheres. 

356. As we have incomparably more light from The abr. 
the Moon than from all the Stars together, it is 3 
the greateſt ahſurdity to imagine that the Stars Wingate | 
were made for no other purpoſe than to caſt a faint n He u- 
light upon the Earth: eſpecially ſince many more en us in the 
require the aſſiſtance of a good teleſcope to find de 
them out, than are viſible without that inſtrument. 

Our Sun is furrounded by a ſyſtem of Planets and 
Comets; all which would be inviſible from the 
neareſt fixed Star. And from what we already 
know of the immenſe diſtance of the Stars, the 
neareſt may be computed at 32, ooo, ooo, ooo, ooo 
of miles from us, which is further than a cannon- 
bullet would fly in 5,000,000 of years. Hence it 
is eaſy to prove, that the Sun, ſeen from ſuch a 
diſtance, would appear no bigger than a Star of 
the firſt magnitude. From all this it is highly 
probable that each Star is a Sun to a ſyſtem of 
worlds. moving round it, though unſeen by us; 
ſpecially, as the doctrine of plurality of worlds is 
| rational, 
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rational; and greatly manifeſts the Power, Wiſdom, 
: and Goodneſs of the: Great Creator. 110 
Daa d. 357. The Stars, on account of their apparently 
fereat mag- various magnitudes, have been diſtributed into 
nitudes: ſeveral claſſes of orders. Thoſe which appear 
largeſt, are called Stars of the firſt magnitude; the 
next to them in luſtre, Stars of the ſecond magnitude; 
and ſo on to the /ixth, which are the ſmalleſt that 
are viſible to the bare eye. This diftribution hav- 
ing been made long before the invention of tele- 
ſcopes, the Stars which cannot be ſeen without the 
aſſiſtance of theſe inſtruments, are diſinguthed by 
the name of Teleſcopic Stars. | 
And divifion 358. The antients divided the ſtarry $platc into 
— — particular Conſtellations, or Syſtems of Stars, ac- 
3 as they lay near ne another, ſo as to oc- 
cupy thoſe ſpaces which the figures of different 
forts of animals or things would take up, if they 
were there delineated. And thoſe Stars which 
could not be brought into any particular Conſtel. 
lation, were called unformed Slars. 8 
339. This diviſion of the Stars into Andrent 
— The ef Conflellations or Aſteriſms, ſerves to diſtinguiſh 
lil them from one another, ſo that any particular Star 
may be readily found in the Heavens by means of 
2 Celeſtial Globe; on which the Conſtellations are 
— 1 ſo delineated as to put the moſt remarkable Stars 
[if into ſuch parts of the figures as are moſt eaſily di- 
1 ſtinguiſned. The number of the antient Conftel- 
lations is 48, and upon our preſent Globes about 
70. On Senex's Globes, Bayer's Letters are inſert- 
ed; the firſt in the Greek Alphabet being put to 
the biggeſt Star in each Conſtellation, the ſecond 
to the next, and ſo on; by which means, every Stat 
is as eaſily found as if a name were given to it. 
Thus, if the Star y in the Conſtellation of the Ran 
be mentioned, every Aſtronomer knows as well 
what Star is meant as if it were wh N out to him 
in the Heavens. 
8 NOR There 
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360. There is alſo a diviſion of the Heavens The Zodiac 


into three parts. 1. The Zodiac (Soo ane) from 
Calm Zodion an Animal, becauſe moſt of the Con- 


ſtellations in it, which are twelve in number, are 


the figures of Animals: as Aries the Ram, Taurus 


the Bull, Gemini the Twins, Cancer the Crab, Leo 


the Lion, Virgo the Virgin, Libra the Balance, 
Scorpio the Scorpion, Sagittarius the Archer, Capri- 
cornus the Goat, Aquarius the Water-bearer, and 


Piſces the Fiſhes. The Zodiac goes quite round 
the Heavens: it is about 16 degrees broad, ſo 


that it takes in the Orbits of all the Planets, and 
likewiſe the Orbit of the Moon. Along the mid- 


dle of this Zone or Belt is the Ecliptic, or Circle 


which the Earth deſcribes annually as ſeen from 
the Sun; and which the Sun appears to deſcribe 
as ſeen from the Earth. 2. All that Region of 
the Heavens, which is on the north ſide of the Zo- 
diac, contains 21 Conſtellations. And, 3. That 
on the ſouth ſide, 15. 


361. The antients divided the Zodi c into the The man- 


above 12 Conſtellations or Signs in the following — ns 


manner. They took a veſſel with a ſmall hole ir. antients, 


the bottom, and having filled it with water, ſuf- 
tered the ſame to diſtif drop by drop nto another 
veſſel ſet beneath to receive it; beginning at the 
moment when ſome Star roſe, and continuing until 
it roſe the next following night. The water fallen 
down into the receiver they divided into twelve 
equal parts; and having two other {mall veſſels in 


readineſs, each of them fit to contain one part, they 


again poured all the water into the upper veſlel, 
and obſerving the riſing of ſome Star in the Zodiac, 
they at the ſame time fuffered the water to drop 
into one of the ſmall veſſels; and as ſoon as it was 
full, they ſhifted it, and ſet an empty one in it's 
place. When each veſſel was full, they took no- 


tice what Star of the Zodiac roſe; and though this 
could 1 not be done in one night, yet in many, they 


obſcrved 


— 
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obſerved the riſing of twelve Stars or points, t which 
they divided the Zodiac into twelve parts. | | 2 


362. The names of the Conſtellations, and the number 
of Stars obſerved in each of them W different Aſtrono- 
mers, are as follows: 


The antient Conſtellattons. 2 5 Ke 


Urſa minor The Little Bear 
Urſa major The Great Bear 
Draco The Dragon 
Cepheus Cepheus 
Bootes, Arctopbilam | 
Corona Borealis The Northern Crown 
Hercules, Engonaſin Hercules kneeling 
Lyra The Harp 
Cygnus, Gallina The Swan e 
Caſſiepea | The Lady in her Chair N 
Perſeus Perſeus | 
Auriga The Waggoner 
Serpentarius, Opbiichis Serpentarius 
Serpens | 'The Serpent 
Sagitta The Arrow 
Aquila; Falter be Eagle 
Antinous | Antinous . 
Delphinus | The Dol 1 2 
Equulus, Equi ſeckis The Horſe's Head 
Pegaſus, Equus The Flying Horſe 
Andromeda Andromeda . 
Triangulum The Triangle 
Aries The Ram 
Taurus The Bull 
Gemini | The Twins 
Cancer The Crab 
Leo | The Lion 
Coma Berenices Berenice's Hair 
Virgo The Virgin 
Libra, Chelæ The Scales 
Scorpius The Scorpion 
| Sagittarius The Archer <4 
| Capricornus | The Goat 
Aquarius The Water-hearer 
Piſces I The Fiſhes 
Cetns © _, | Tube Whale 
Orion Orion 
Eridanus, 22 Eridanus, the River 0 
Lepus | The Hare 
Canis majog The Great Dog 


Canis minor Ts Little doe 
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W 5 4 . 

Hydra 27 0 
C rater, C 
Centaurus The Centaur 11. "hi 35 
Lupus The Wolf . 24 
Ara The Altar 7 9 
Corona Auftratis The Southern Crown I3 12 

Piſcis Auſtralis The Southern Fiſh 18 20 

The New n Conſtellations. 

3 mba Noachi * Noah's Dove 10. 
Rybyr e | The Royal Oak 5 
Gras | The Crane 13 

Phoenix The Phenix 13 
Indus The Indian 12 
Pavo 8 The Peacock 14 
Apus, Avis Indica The Bird of Paradiſe 11 
Apis, Miaſca The Bee or Fly 4 
Chamæleon Phe Chameleon 10 
Triangulum Auſtralis The South Triangle 5 

Piſcis volans, Paſſer The Flying Fiſh 

orado, X;phias The Sword Fiſh 4 

Toucan | The American Gooſe 9 

| Hydrus <1 The Water Snake 10 


Heveliut's Conſtellations made out of the unformed Stars. 


Hevelius. Flamſteed. 


Lynx | The Lynx 19 44 
Leo minor — The Little Lion "oy 
Aſteron & Chara The Greyhounds 23 25 
Cerberus Cerberus 4 
Vulpecula & Anſer The Fox and Gooſe N 
Scutum Sobieſki. Sobieſki's Shield 7 
Lacerta The Lizard | 16 
Camelopardalus The Camelopard a © af 
Monoceros The Unicorn 19 31 


Sextans The Sextant 11 41 


363. There is a remarkable track bound the 1 
Hoe, called the Milky Way from it's peeuliar ” . - 
whiteneſs, which was formerly thought to be ow- 
ing to a vaſt number of very ſmall Stars therein: 

but the releſcope ſhews it to be quite otherwile z 
A —_ ore it's whiteneſs muſt be owing to ſome 
Ile 9 9 9 
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Lucid Spots. 
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Of Lucid Spots in the TURN 
other cauſe. This track appears ſingle in ſome | 


part, in others double. 


364. There are ſeveral little whitiſh ſpots in the 
Heavens, which appear magnified, and more lumi- 
nous when ſeen through teleſcopes; yet without 
any Stars in them. One of theſe is in Andromeda's 
girdle, and was firſt obſerved A. D. 1612, by Simon 
Marius: it has ſome whitiſh rays near it's middle, 
is liable to ſeveral changes, and is ſometimes invi- 
fible. Another is near the Ecliptic, between the 
head and bow of Sagittarius: it is ſmall, but very 
luminous, A third is on the back of the Centaur, 
which is too far South to be ſeen in Britain. A 
fourth, of a ſmaller fi ize, is before Antinous's right 
foot; having a Star in It, which makes it appear 
more. bright. A fifth is in the Conſtellation of 
Hercules, between the Stars & and », which ſpot, 
though but-ſmall, is viſible to the bare eye if the 
Sky de clear and the Moon abſent. 

365. Cloudy Stars are ſo called from their miſty 
appearance. They look like dim Stars to the 
naked eye; but through a teleſcope they appear 
broad illuminated parts of the Sky; in ſome of 


w bich is one Star, in others more. Five of theſe 
are mentioned by Prolemy. 
mamity of the right hand of Perſeus. 2. One in the 
middle of the Crab. 


1. One at the extre- 


One unformed, near the 
Sting of the Scorpion. 4. The eye of Sagittarius. 
5. One in the head of Gen. In the firſt of theſe 
appear more Stars through the teleſcope than in 
any of the reſt, although 21 have been counted in 
the head of Orion, and above 40 in that of the 
Crab. Two are viſible in the eye of Sagittarius 
without a teleſcope, and ſeveral more with it. 


Flamſteed obſerved a cloudy Star in the bow of 
Sagittarius, containing many-ſmall Stars: and the 
Star d above Sagitiarilss right ſhoulder is encom- 


paſſed, with ſeveral more. Both Caſſini and Flam- 


feed diſcovered one between the Great and Little 


_ which is very Fol of Stars viſible only by the 
teleſcope. 


* 28 5 


L 


teleſcope. 


to the bare eye reſemble part of the Milky Way, 
. God through teleſcopes to be a mixture of ſmall 
| 


The two whitiſh ſpots near the South 
Pole, called the Magellanic Clouds by Sailors, which Mazcllaaic 


louds, 


ouds and Stars. But the moſt remarkable of all 
the cloudy. Stars is that in the middle of Orion's 
Sword, where ſeven Stars (of which three are very 
cloſe together) ſeem to ſhine through a cloud, very 
lucid near the middle, bur faint and ill defined 
about the edges. Ir looks like a gap in the ſky, 
through which one may ſee (as it were) part of a 
much brighter region. Although moſt of theſe 
ſpaces are dut a few minutes of a degree in breadth, 
yet, ſince they are among the fixed Stars, they muſt 
be ſpaces larger than what is occupied by our Solar 
Syſtem; and in which there ſeems to be a perpe- 
tual uninterrupted day-among numberleſs Worlds, 


which no human art ever can dice 


366. Several Stars are mentioned by antient Changes in 
Aſtronomers, which are not now to be found; and 3 dg 
others are now viſible to the bare eye which are 
not recorded in the antient catalogue. Hipparc bus 
obſerved a new Star about 120 years before CHRISTH ; 
but he has not mentioned in what part of the Hea- 
vens it was ſeen, although it occaſioned his making 
a Catalogue of the Stars; which is the molt antient 
that we have. T 

The firſt New Star chat we have any good AC New Stars, 
count of, was diſcovered by Cornelius Gemma on 
the Sch of November A. D. 1572, in the Chair of 
Caſſepea. It ſurpaſſed Sirius in ' brightneſs and 
magnitude; and was ſeen for 16 months ſucceſ- 


ſively. At firſt it appeared bigger than Jupiter to 


ſome eyes, by which it was ſeen at mid- day: after- 
wards it decayed gradually both in magnitude and 
luſtre, until March 1573, when it became inviſible. 
On the 13th of Auguſt 1596, David Fabricius 
obſerved the Stella Mira, or wonderful Star, in the 
Neck of the /hale; which has been ſince found to 
appear and diſappear periodically, feven times in 
DO | Z 3 | 555 
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Of new Periadical Stars, 


' Gxr years, continuing in the greateſt luſtre for 15 


days together; and is never quite 3 5 
In the year 1600, William Janſenius diſcovered a 
changeable Star in the Neck of the Swan; which 


in time, became ſo ſmall as to be thought to diſ- 
appear entirely, till the years 1657, 7 5 and 


1659, when, it recovered. it's former luſtre and 


2 but ſoon decayed, and is now of the 
e | 1 
In the year 1604, Kepler and ſeveral of his friends 
ſaw a new Star near the heel of the right foot of 
Serpentarius, ſo bright and ſparkling; that it ex- 
ceeded any thing they had ever ſeen before ; and 
took notice that it was every moment changing into 


ſome of the colours of the rainbow, except when it 


was near the Horizon, at which time it was gene- 
rally white. Ir ſurpaſſed Jupiter in TOA Ws 
which was near it all the month of O#79her, but 


eaſily diſtinguiſhed from Jupiter, by the ſteady 


light of that Planet. Ir diſappeared between Oober 
1605 and the February following, and has not been 
ſeen ſince that time. 5 e e 
In the year 1670, 7uly 15, Hevelius diſcovered a 
new Star, which in OZcber was ſo decayed as to be 
ſcarce perceptible. In April following it regained 
it's luſtre, but wholly diſappeared in Auguſt. In 
March 1672 it was ſeen again, but very ſmall ; 
and has not been viſible ſince. „ 
In the year 1686 a new Star was diſcovered by 
Kirch, which returns periodically in 404 days. 
In the year 1672, Caſſini ſaw a Star in the Neck 
of the Bull, which he thought was not viſible in 
Tycho's time; nor when Bayer made his Figures. 
367. Many Stars, beſides thoſe above-mentioned, 
have been obſerved to change their magnitudes : 
and as none of them could ever be perceived to 
have tails, it is plain they could not be Comets; 
eſpecially as they had no Parallax, even when largeſt 
and brighteſt. It would ſeem that the periodical 


— 


Stars have vaſt cluſters of dark ſpots, and very 
7 OS . . 
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Of Changes in the Heavens. 


flow rotations on their Axis; by which means, 
they muſt diſappear when the fide covered with 
ſpots 1s turned towards us. And as for thoſe which 
break out all of a ſudden with ſuch luſtre, it is by 
no means improbable that they are Suns whoſe 
Fuel is almoſt ſpent, and again ſupplied by ſome 
of their Comets falling upon them, and occaſion- 
ing an uncommon blazes and ſplendor for ſome 
time: which indeed appears to be the greateſt uſe 
of the cometary part of any ſyſtem “. | 


Some of the Stars, particularly ArFurus, have Some Stars 


been obſerved to change their places above a mi- 
nute of a degree with reſpect to others. But whe- 
ther this be owing to any real motion in the Stars 


* 


themſelves, muſt require the obſervations of man 
ages to determine. If our Solar Syſtem S 
it's place, with regard to abſolute ſpace, this muſt 
in proceſs of time occaſion an apparent change in 
the diſtances of the Stars from each other: and in 
ſuch a caſe, the places of the neareſt Stars to us 
being more affected than thoſe which are very re- 
mote, their relative poſitions muſt ſeem to alter, 
though the Stars themſelves were really immove- 
able. On the other hand, if our own Syſtem be at 
reſt, and any of the Stars in real motion, this mult. 
vary their poſitions; and the more ſo, the nearer 


M. Maupertuis, in his diſſertation on the figures of the 
Celeſtial Bodies (p. 61—63) is of opinion that ſome Stars, by 
their prodigious quick rotations on their Axes, may not only 
aſſume the 6gures of oblate ſpheroids, but that by the great 
centrifugal force, ariſing from ſuch rotations, they may be- 
come of the figures of mill-ſtones ; or be reduced to flat cir- 
cular planes, ſo thin as to be quite inviſible when their edges 
are turned towards us; as Saturn's Ring 1s in ſuch poſitions. 
But when very eccentric Planets or Comets go round any flat 
Star, in Orbits much inclined to it's Equator, the attraction 
of the Planets or Comets in their Perihelions muſt alter the in- 
clination of the Axis of that Star; on which account it will 
appear more or leſs large and luminous, as it's broad fide is 
more or leſs turned towards us. And thus he imagines we 
may account for the apparent changes of magnitude and luſtre 
in thoſe Stars, and likewiſe for their appearing and diſappear- 


ing. | 
8 they 


change their 


on — =_ — ˙ r = 


The Eclip- 
tic leſs e- noctial is found at preſent to be above the third 
lique now to 
*. the Equator” 
than for- 

merly. 


1 4 Changer n the yo OR 


they 2 are Poe us, or fitter their motions 1 or . 
more proper the ION of their mofiqn is, for 
our perception. 


368. The obliquity of + Ecipie p to the Raw 


part of a degree leſs than Ptolemy found it. And 
moſt of the obſervers after him found. it to decreaſe 
gradually down to Tycho's time. If it be objected, 
that we cannot depend on the obſervations of the 
antients, becauſe of the incorrectneſs of their In- 
ſtruments; we have to anſwer, that both Tycho and 
Flamſteed are allowed to have been very good ob- 
ſervers; and yet we find that Flamſteed makes 
this obliquity 24 minutes of a degree leſs than 
| Tycho did, about 100 years before him: and as 
Ptolemy: was 1324 years before Hebo, ſo the gra- 
dual decreaſe, anſwers nearly to the difference of 
time between theſe three Aſtronomers. If we 
conſider, that the Earth is not a perfect {| phere, but 
an oblate ſpheroid, having it's Axis ſhorter: than 
it's equatorial diameter; and that the Sun and 
Moon are | conſtantly acting obliquely upon the 
greater quantity of matter about the Equator, 
pulling it, as it were, towards a nearer and nearer 
©.co-incidence with the Ecliptic; it will not appear 


improbable that theſe actions ſhould gradually di- 


miniſh the Angle between thoſe Planes. Nor is it 
lefs probable that the mutual attraction of all the 
Planets ſhould have a tendency to bring their Or- 
bits to a co- incidence: but this change is too ſmal 
to become ſenfible 1 in many es. 
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90 the Divif on of Time. A 1 Table i New 


Moons. The Times of the Birth and Death of 


CurisT. A Table of remarkable Aras or Events. 


| 369. HRHE parts of Time are Seconds, Minde, 
8 Hour 95 Days, 2 ears, Cycles, Ages, and 
Periods. 


370. The original ſtandard, or integral meaſure 4 Year, 


of Time, is a Year; which is determined by the 
Revolution of ſome Celeſtial Body in it's Orbit, 


VIZ. the Sun or Moon. 


371. The time meaſured by the Sun's Revolu- Tropical 


tion in the Ecliptic, from any Equinox or Solſtice 
to the ſame again, is called the Solar or Tropical 
Zear, which contains 365 days, 5 hours, 48 minutes, 
57 ſeconds; and is the only proper or natural 
year, becauſe it always keeps the fame ſeaſons to 


the ſame months, 


372. The quantity of time, "meaſiired by the Joel 


Sun's Revolution as from any fixed Star to the 
lame Star again, is called the Sydereal Tear; which 


contains 36 5 5 days, 6 hours, 9 minutes, 14 ſeconds; 
and is 20 minutes, 17; ſeconds longer than the 
true Solar Year. | 


373. The time meaſured by twelve Revolutions Lunar Years 


of the Moon, from the Sun to the Sun again, is 
called the Lunar Year; it contains 354 days, 8 
hours, 48 minutes, 36 ſeconds; and is therefore 
10 days, 21 hours, o minutes, 21 ſeconds, ſhorter 
than the Solar Year. This is the foundation of 
the Epact. 8 


374. The Civil Year is that which is in common civi1 Ver. 


uſe among the different nations of the world; of 


which, ſome reckon by the Lunar, but moſt by 
the Solar. The Civil Solar Lear contains 365 days, 
for three years running, which are called Common 
2 ears; and then comes in what is called the Bi ex- 

vile 
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tile or Leap year, which contains 366 days. This 

is alſo: called the Julian Year on account of Julius 

Ceſar, who appointed the Intercalary-day every 

fourth year, thinking thereby to make the Civil 

and Solar Year keep pace together. And this 

day, being added to the 23d of February, which in 

the Roman Calendar was the ſixth of the Calends 
of March, that ſixth day was twice reckoned, or 

the 23d and 24th were reckoned as one day; and 

was called Bis ſextus dies, and thence came the 

name Pyſſextile for that year. But in our common 

Almanacks this day is added at the end of February. 
Lunar Year, 355. The Civil Lunar Year, is alſo common or 
intercalary. The common Year conſiſts of 12 
Lunations, which contain 354 days; at the end of 
which, the year begins again. The Intercalary, or 
Embolimic Year, is that wherein a month was added, 
to adjuſt the Lunar Year to the Solar. This me- 
thod was uſed by the Fews. who kept their account | 
by the Lunar Motions. But by intercalating no | 
more than a month of go days, which they called 
Ve Ader, every third year, they fell 34 days ſhort 
of the Solar Year in that time. F 


RomanYear. 376. The Romans allo uſed the Lunar Emboli- ; 


mic *% ear at firſt, as it was ſettled by Romulus their ' 


firſt King, Sho made it to confiſt only of ten \ 
months or Lunations; which fell 61 days ſhort of 0 

the Solar Year, and ſo their year became quite 2 

vague and unfixed; for which reaſon, they were 1 

forced to have a Table publiſhed by the High- ce 
Prieſt, to inform them when the ſpring and other 6 

ſeaſons began. But Julius Ceſar, as already men- WI 

tioned, 5 374, taking this troubleſome affair into _ 
conſideration, reformed the Calendar, by making are 

the year to conſiſt of 365 days, 6 hours. ant 

The origi- 377. The year thus ſettled, is what we ſtill make tric 
ee uſe AS in Britain: but as it is ſomewhat more than | || cor 
Aew one. 11 minutes longer than the Solar Tropical Tear, Ole 


the times of the Equinoxes go backward, and fall 


earlier by one day in about 130 years. In the ye 


6 
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of the Nicene Council (A. D. 325) which was 1439 


years ago, the Vernal Equinox fell on the 2 1ſt of 
March: and if we divide 1444 by 130, it will 


quote 11, which is the number of days the Equi- 
nox has fallen back ſince the Council of Nice. 


This cauſing great diſturbances, by unfixing the 


times of the celebration of Eaſter, and conſeq vently 
of all the other moveable Feaſts, Pope Gregory the 
13th, in the year 1582, ordered ten days to be at 
once ſtruck out of that year; and the next day 
after the fourth of October was called the fifteenth. 
By this means the Vernal Equinox was reſtored to 
the 21ſt of March; and it was endeavoured, by 
the omiſſion of three intercalary days in 400 years, 


to make the Civil or Political year keep pace with 


the Solar for time to come. This new form of the 
year is called the Gregorian Account, or New Stile; 
which is received in all Countries where the Pope's 
Authority is acknowledged, and ought to be 1 in all 
places where truth 1s regarded. 
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378. The principal diviſion of the year is into Months, | 


Months, which are of two ſorts, namely, Aſtronomi- | 
cal and Civil. The Aſtronomical month is the time 
in which the Moon runs through the Zodiac, and 
is either Periadical or Synadical. The Periodical 
Month is the time ſpent by the Moon in making 
one complete Revolution from any point of the 
Zodiac to the ſame again; which is 254 7* 43% 
The Synodical Month, called a Luuation, is the time 
contained between the Moon's parting with the 
Sun at a Conjunctior, and returning to him again; 
which is 294 12 44”. The Civil Months are thoſe 
which are framed for the uſes of civil life; and 
are different as to their names, number of days, 
and times of beginning, in ſeveral different Coun- 
tries. The firſt month of the Jeiſb Year fell ac- 
cording to the Moon in our Auguſt and September, 


Old Stile; the ſecond in September and Oktober; 


and ſo on. The firſt month of the Egypiian Year 


began on the 29th of our Auguſt The rſt — 
0 
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of the Arabic and Turkiſh Year began the 16th of 


July. The firſt month of the Grecian Lear fell ac- 
cording to the Moon in June and Juh, the ſecond 
in Fuly and Auguſt, and ſo on, as in the following 
"TOR. * 

379. A month is divided into four parts called 
Feeks, and a Week into ſeven parts called Days; 
ſo that in a Julian year there are 13 fuch Months, 
or 52 Weeks, and one Day Heer. 1 Gentiles 
gave the names of the Sun, Moon, and Planets, to 
the Days of the Week. To the firſt, the Name of 
the Sun; to the fecond, of the Moon; to the third, 

of Mart; to the fourth, of Mercury; to the fch, 

of Jupiter; to the ſixth, of Venus; and to the 
Eventb, of Saturn. 


* 


NT | "The Fewiſh year. | A. $1 
1 [Tiſri — — — — Aug. — Sept.] 30 
11 Marcheſlvan — — Sept. — Oct. 29 | 
FT 3]Caſleau *'— ' — — OX. '—Nov. [30 | 
| 4|Tebeth — — — Nov. — Dec. 29 
' 5|Shebat — — — Dec. —Jan. | 20 | 
6 Adar — — — Jan, — Feb. | 29 | 
| 7|Nifan or W Feb. Mar. 30 
8 iar — — — — Mar. — Apr. 29 
\ g|Sivan — — — April May 30 
10 Tamuzg — — — May — June 29 | 
11[ Ab — — — — jone -I uly] 30 
hou! r — — — InP Aug. 29 | 
|; Be 3 
Days i in | the year — — — — © 254 
In the Embolimic year after Adar they added a 
pc month called Ye- Adar of 30 Cay. , 


— OK 
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ö Pays | | 


E WW. 
I 2]Paophi — — — September 28| 30 14. 
3 Athir — — — October 28 30 1 
| 4|Chojac — — — November 27 30 1 
5 Tybi — — — — December 27] 30 = j 
. — January 26 30 N 

| 7] Phamenoth NLV February 25 -QO | 400 
8Parmuthi — — — March 27] 30 18 
g|Pachon — — — April 26] 30 8 
1o[Payni — — — May 26 30 1 
3 25] 30 1 
12 Meſori _ ee July 251 30 1 

| . or days added — — — 5 = 
E ; ms: 1238 
| Days in the year — — — 366 1 
. $i: "Phe Saab and 7. urkiſh year. Days] , 5 | hy 


i Muharrum— — — July 16 30 
2 Saphar— — — Auguſt 15 29 
3 Rabia J. — — — September 13] 30 
4 
5 
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Rabia II. -— — October 13 29 
Jomada I. — — — November 11 30 
6 Jomada II. — — — December 11 29 
7[Rajaab — — January 91 30 
$1Shaſban — — February 8 29 
g9]Ramadam — — March 9 30 
19{Shawal — — April 81 29 

7 
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110 Dulhaadah— — May 30 = | | 


Ny ro gt — — — June 29 


Days in the year — — — 


1354. 


The Arabians add 11 days at the — of every year, 
which keep the ſame months to the ſame leaſons. 
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" > BY The ancient Grecian. Year, 
LI Hecatombzon — — June—July 
2| Metagitnion — — July — Aug. 
| 2|Boedromion — — Aug.—Sept. . 
4 Pyanepſion — — Sept. — Oct. 
| 5 Maimacterion — — Oct. — Nov. | 
{ 6|Polideen — — — Nov.— Dec. 
|. 5|Gamelion — — — Dec. — Ian. 
| 8 5 — — Jan. — Feb. | 
9 Elaphebolion — — Feb. — Mar. 
10 Munichion — — — Mar. — Apr. 
11 Thargelion — — Apr. —May 
12 * — — e —— | 
* _ Days in the year — — — = 


Days, 380. A Day is either Natural or Artificial, T ke 
Natural Day contains 24 hours; the Artificial, the 
time from Sun-riſe to Sun-fet. The Natural Day 
is either 4ſtronomical or Civil. The Aſtronomical 
Day begins at Noon, becauſe the increaſe and de- 
creaſe of Days terminated by the Horizon are very 
unequal among themſelves ; which inequality is 
| likewiſe augmented by the inconſtancy of the hori- 
zontal Refractions § 183: and therefore the Aſtro- 

nomer takes the Meridian for the limit of diurnal 
Revolutions; reckoning Noon, that is, the inſtant 
when the Sun's Center is on the Meridian, for the 
beginning of the Day. The Britiſh, French, Dutch, 

' Germans, Spaniards, Portugueſe, and Egyptians, be- 
gin the Civil Day at Midnight: the antient Greeks, 
Jews, Bohemians, Silefians, with the modern 7talians, 
and Chineſe, begin it at Sun-ſetting : and the an- 
tient Balylonians, Perf Fans, Syrians, with the modern 
Greeks, at Sun-riling: 

Hours, 381. An Hour is a certain determinate part of 
the Day, and iseither equal or unequal. An equal 
Hour 1 is the 24th part of a mean natural . as 

| he wn 


* 
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ſhewn by well regulated Clocks and Watches; but 
thefe Hours are not quite equal as meaſured by 
the returns of the Sun to the Meridian, becauſe 
of the obliquity of the Ecliptic and Sun's unequal. 

motion in it, 9 224— 243. Unequal Hours are 
thofe by which the Artificial Day is divided into 
twelve Parts, and the Night into as many. 

382. An Hour is divided into 60 equal parts... 
called Minutes, a Minute into 60 equal parts called Seconds, 
Seconds, and theſe again into 60 equal parts called gg 
Thirds. The Jews, Chaldeans, and Arabians, divide 
the Hour into 1080 equal parts called Scruples; 
which number contains 18 times 60, ſo that one 
minute contains 18 Scruples. | 
383. A Cycle is a perpetual round, or circula- cyces of 
tion of the ſame parts of time of any fort. The the Sun, 
Cycle of the Sun is a revolution of 28 years, in which Indicton. 
me the days of the months return again to the 
ſame days of the week; the Sun's Place to the 
ſame Signs and Degrees of the Ecliptic on the 
fame months and days, ſo as not to differ one de- 
gree in 100 years; and the Leap-years begin the - 
lame courſe over again with reſpect to the days of 
the week on which the days of the months fall. 
| The Cycle of the Moon, commonly called the Golden 

| Number, is à revolution of 19 years; in which time, 
the Conjunctions, Oppolitions and other Aſpects 
of the Moon, are within an hour and half of being 
the ſame as they were on the ſame days of the 
months 19 years before. The Indiction is a revo- 
lution of 1 5 years, uſed only by the Romans for in- 
dicating the times of certain payments made by 
the ſubſects to the Republic: It was eſtabliſhed by 
Conflantine, A. D. 12. 2 

384. The year of our Saviouk's Birth, accord- . gad the 
ing to the vulgar Era, was the qth year of the Years of | 
Solar Cycle; the firſt year of the Lunar Cycle; ln 
and the 312th year after his birth was the firſt year | 
of the Roman Indiction. Therefore, to find the 

year of the Solar Cycle, add 9 to any given year 

: | O 
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The defi- 385 5. Although the above deficiency in the Lu- 
| encyof the nar Cycle of an hour and half every 19 years 


1 
ſequence to make a whole Natural Day in 310 years. So 
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of CarsT, and divide the ſum by 28, the Quotient 

is the number of Cycles elapſed ſince his birth, 
and the remainder is the Cycle for the given year: 
if nothing remains, the Cycle is 28. Tofind the 
Lunar Cycle, add 1 to the given year of CHRIST, 
and divide the ſum by 19 ; the Quotient is the, 
number of Cycles elapſed in the interval, and the 
remainder 1s the Cycle for the given year : if no- 
thing remains, the Cycle is 19. Laſtly, ſubtract 
312 from the given year of CnRISTN, and divide 
the remainder by 15; and what remains after this 
diviſion is the Indiction for the given year: if no- 
thing remains, the Indiction is 15. 


Lunar Cy- 
cle and con- be but ſmall, yet in time it becomes ſo ſenſible as 


that, although this Cycle be of uſe, when the Golden 
Numbers are rightly placed againſt the days of the 
months in the Calendar, as in our Common Prayer 
Books, for finding the days of the mean Conjunc- 
tions or Oppoſitions of the Sun and Moon, and 
conſequently the time of Eaſter; it will only ſerve 
for 310 years, Old Stile. For as the New and Full 
Moons anticipate a day in that time, the Golden 
Numbers ought to be placed one day earlier in the 
Calendar for the next 310 years to come. Theſe 
Numbers were rightly placed againſt the days of 
New Moon in the Calendar, by the Council of 
Mice, A. D. 325; but the anticipation, which has 
been neglected ever ſince, is now grown almoſt 
into 5 days; and therefore all the Golden Num- 
bers ought now to be placed 5 days higher in the 
Calendar for the Old Stile 19 75 they were at the 
time of the ſaid Council; or ſix days lower for the 
New Stile, becauſe at preſent it Aicher 11 days 
from the Old. _ 

How to fnd 386. In the annexed Table, the Golden Num- 

the new bers under the months ſtand againſt the days of 
Moon by the New Moon i in the left. hand column, for the New 
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| ke up t 
year at the! head of the Table ; and where 2 co- 
lumns meet, you have the Golden Number (which 
is the ſame both in Old and Nero Stile) for the 
given year, Thus, ſuppoſe the Golden Number 
was wanted for the year 1757 I look for 1500 at 

the left hand of the Table, and for 57 at the top 
of it; then guiding my eye downward from 37 to 
over-againſt 1700, I find 10, which is the Golden 
Number for that year. | E137] 
387. But becauſe the Lunar Cycle of 1 9 years 
ſometimes includes five Leap-years, and at other 
times only four, this Table will ſometimes vary a 
day from the truth in Leap- years after February. 


= 


A nerpetuat ANA it is impoſſible to have one more correct, un- 
Table of the leſs we extend it to four times 19 or 76 years; in 


time of New 
Moon to the 


which there are 19 Leap- years without a remain- 
der. But even then to have it of perpetual uſe, it 
muſt be adapted to the Old Stile; becauſe in every 
centurial year not diviſible by 4, the regular courie 
of Leap-years is interrupted in the New; as will 


By Coy Px pos0 pr on fond wid an 3 
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be the caſe in the year 1800. Therefore, upon 
the regular Old Stile plan, I have computed the 
following Table of the mean times of alt the New 
Moons to the neareſt hour for 76 years; begin- 
ning with the year of CHEE 1724, and ending 
with the year 1800. 

This Table may be made perpetual, by: deduct- 
ing 6 hours from the time of New Moon in any 


given year and month from 1724 to 1800, in or- 


der to have the mean time of New Moon in any 
year and month 76 years afterward or deducting 


12 hours for 152 years, 18 hours for 229 years; 

and 24 hours for 304 years; becauſe in that time 
the changes of the Moon anticipate almoſt a com- 
plete natural day, And if the like number g. 
hours be added for ſo. many years pat, «we ſhall 
have the mean time of any New Moon already 
elapſed. Suppoſe, for example, the mean time of 
Change was required for January 1802; deduct 
76 years, and ere remains 1726, againſt which, in 
the following Table, under Janus y, I find the 
time of New Moon was on the 2 1ſt day, at 11 in 
the evening: from which take 6 hours, and there 
remains the 21ſt day, at 5 in the evening, for the 
mean time of Change in January 1802. Or, if the 
time be required for May, A. D. 101, add 76 


years, and it makes 1777, which I look for in the 


Table, and againſt it under May I find the New 
Moon in that year falls on the 25th day, at 9 in 
the evening; to which add 6 hours, and it gives 


| the 26th day, at 3 in the Morning, for the time of 


New Moon in May, A. D. 1701. By this addi- 
tion for time paſt, or ſubtraction for time to come, 
the Table will not vary 24 hours from the truth 
in leſs than 14592 years. And if, inſtead of 6 
hours for every 76 years, we add or ſubtract only 
5 hours 52 minutes, it will not vary a day in 19 
millions « years. 
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Although this Table is calculated for 76 years 


only; and according to the Old Stile, yet by means 
of two eaſy Equations it may be made to anſwer 
as exactly to — New Stile, for any time to come. 
Thus, becayſe the year 1724 in this Table is the 


firſt year of the Cycle for which it is made; if 
from any year of Cha ist after 1800 you ſubtract 


1723, and divide the overplus by 76, the quotient 


will ſhew how many entire Cycles of 76 years are 
elapſed ſince the beginning of the Cycle here pro- 
vided for; and the remainder will ſnew the year 
of the current Cycle anſwering to the given year 
of CHRIST. Hence, if the remainder be o, you 


; 900 inſtead thereof Put 76, and leflen the Quo- 


nt by unity. 


* Then, look in the left-hand column of the Table 


for the number in your remainder, and: againſt it 
you will find the times of all the mean New Moohs 
in that year of the preſent Cycle. And whereas 


in 76 Julian years the Moon anticipates 5 hours 
52 minutes, if therefore theſe 3 hours 52 minutes 
be multiplied by the above- found Quotient; that is, 


by the number of entire Cycles paſt; the product 


ſubtracted from the times in the Table will leave 
the corrected times of the New Moons to the Oll 
Stile; which may be reduced to the Net Stile thus: 


Divide the number of entire hundreds in the 
given year of CR IST by 4, multiply this quotient 
by 3, to the product add the remainder, and from 
their ſum ſubtract 2: this laſt remainder denotes 
the number of days to be added to the times above 
corrected, in order to reduce them to the New Stile. 
The reaſon of this is, that every 400 years of the 
New tile gains 3 days upon the Old Stile: one of 
which it gains in each of the centurial years ſuc- 
ceeding that which is exactly diviſible by 4 without 
* but then, when you have found the 

ays io gained, 2 muſt be ſubtracted from their 
number on account of the rectifications made in 
the r by the Council of Nice, and ſince by 
Pope 


* 
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| Pope Gregory. It muſt alſo be obſerved, that the 
's additional days found as above directed, do not 
18 take place in the centurial Years which are not 
er multiples of 4 till February 29th, Old Stile, for on 
6 that day begins the difference between the Stiles; 
ne till which day, therefore, thoſe that were added in 
i the preceding years muſt be uſed. The following 
© Example will make this accommodation plain. 


1 Al 
” 
. 


| ] Required the mean time 


years, and there remains 
Which divided by 76, 
gives the quotient 2 
and the remainder — 


Table is June — — 
And 5' 52” multiplied by 
2 make to be ſubtr. — 


| | From 1909 take 1723 


Then, againſt 34 in the 
54 8* om Afternoon. 


of New Moon in J ane, A, D. 
1909, N. S. 4 0 54 


186 
34 


11 44 


Remains the mean time 
according to the Old 


Entire hundreds in 1909 
are 19, which divide by 


Stile, une — — — 34d of 16" 


1 On 4 
And leaves a remainderof 3 
Which quotient multipli- 
ed by 3 makes 12, and 
| 2 remainder added 
„ makes — — — — 1 
5 From which ſubtract 2, , 
"of and there remains — 13 
ſuc- Which number of days | 
hout added tothe abovetime, | 
2 the Old Stile, gives June — 18 9 16 Morn. N. S. 
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So the mean time of New Moon in June 1909 
New Stile is the 18th day; at 16 minutes _ 9 in 


If 11 days be added to the time of any New 
Moon in this Table,” it will give the time thereof 
according to the New Stile till the year 1800. 
And-if x4 days 18 hours 22 minutes be added to 
the mean time of New Moon in either Stile, it will 
give the mean time of the next Full Moon accord. 
ing to that Stile, 
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7 2 TABLE of the Mean New Moons, &. 
£41 September O#ober | November | December 
8 A. D. I | — —ů— — — — 
I D. H. D. | 1 D. : H.1D. H. 
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| Faſter cycle 386. The. Cycle of Eaſter, alſo called the Diomſian 
deficient. Pęriod, is a revolution of 332 years, found by mul- 
tiplying the Solar Cycle 28 by the Lunar Cycle 
| 19. If the New Moons did not anticipate upon 
1 this Cycle, Eaſter- Day would always be the Sunday 
Til next after the firſt Full Moon which follows the 
ꝛ2 1ſt of March. But, on account of the above an- 
1 ticipation, $ 422. to which no proper regard was 
VN had before the late alteration of the Stile, the Eccle- 
1 fraſtic Eaſter has ſeveral times been a week differ- 
T1 ent from the true Eaſter within this laſt Century: 
| | 1 # which inconvenience is now remedied by making 
l the Table which uſed to find Eaſter for ever, in 
11 1 the Common Prayer Book, of no, longer uſe than 
| 


| the Lunar difference from the Ne ew Stile will admit 
1 369. The . Eaſter poſſible is the 22d. of 
| Marc, the lateft the 25th of April. Within theſe 
| \ ilf limits are 35 days, and the number belonging to 
1 each of them is called the Number of Direction; 
| becauſe thereby the time of Eaſter is found for any 
it '  Numberof given year, To find the Number of Direction, 
, Direction. according to the New Stile, enter Table V. follow- 
IJ | ing this Chapter, with the compleat hundreds of 
= | any given year at the top, and the years thereof 
F il (if any) below, an hundred at th left hand; and 
| where the columns meet is the Mominical Letter 
Hit for the given year. Then, ent Table I. with 
L if the compleat hundreds of the ſame year at the left 
1 hand, and the years below an. hundred at the top; 
and where the columns meet-is the Golden Num- 
1 : ber for the ſame year.. Laſtly, enter Table II. with 
1 the Dominical Letter at the left hand and Golden 
| Number at the top; and where the columns meet 
is the Number of Direction for that year; which 
number, added to the 2 1ſt day of March, ſheus 
on what day either of March or April Eafter-Sundo) 
falls in that year. Thus, the Dominical Letter 
New Stile for the year 1757 is B (Table V.) and 


the Golden Number is 10, (Table I.) by which 
in 
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in Table II. the Number of Direction is found to 
| be 20; which, reckoning from the 21ſt of March, ro fn 
þ « © E Eaſter, 
ends on the 1oth of April, that that is Eafter-Sun- 


| day, in the year 1757. N. B. There are always two 
1 Dominical Letters to the Leap-year, the firſt of 
J which takes place to the / 24th of ee the laſt 
8 for the following part of the year. 
8 390. The firſt ſeven Letters of the Alphabet are 
3 commonly. placed in the annual Almanacks, to 
— ſnew on what days of the week the days of the 
: months fall throughout the year. And becauſe 
o one of thoſe ſeven Letters muſt neceſſarily ſtand pominical 
n againſt Sunday, it is printed in a capital form, and -<**: 
n called the Dominical Letter : the other ſix being in- 
it ſerted in ſmall characters, to denote the other ſix 
days of the weck. Now, ſince a common Julian 
of Year contains 365 Days, if this number be divided 
ſe by.7 (the number of days in a week) there will re- 
to main one day. If there had been no remainder, 
15 it is plain the year would conſtantly begin on the 
ny ſame day of the week. But ſince 1 remains, it is 
n, as plain that the year muſt begin and end on the 
W- ſame day of the week; and therefore the next year 
of will begin on the day following. Hence, when 
eof January begins on Sunday, A is the Dominical or 
nd dunday Letter for that year: then, becauſe the next 
ter year begins on Monday, the Sunday will fall on the 
ich ſeventh day, to which is annexed the ſeventh Letter 
left 6, which therefore will be the Dominical Letter 
op; for all that year: and as the third year will begin 
am- on Tue/day, the Sunday will fall on the fixth day; 
vith therefore # will be the Sunday Letter for that year. 
den Whence it is evident, that the Sunday Letters will 
neet Wi 80 annually in a retrograde order thus, G, J, E. D, 
hich , B, A. And in the courſe of ſeven years, if they 
xews I vere all common ones, the ſame days of the week 
ada) nd Dominical Letters would return to the ſame 
ettet Days of the months. But Decauſe there are 366 
and Ways in a Leap-year, if this number be divided by 
hich Wo: there will remain two days over and above the 
in 7 1 + a 
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day, the firſt Sunday whereof muſt fall on the ſixth 
of January, to which is annexed the Letter E, and 


Series cannot return to it's firſt ſtate till after four 
times ſeven, or 28 years; and then the ſame days 
of the months return in order to the ſame . of 
the week as before. 


To kind the 


Dominica 5 her before or after the Chriſtian Ara. In Table III. 


Letter „ 


and for 38 at the left hand of the ſame Table; and 


for the ſame year Old Stile, it would be found by 


no taught, to find it by Table III. Thus, ſuppoſe 


hand; in the meeting of theſe columns is F, 


To find the 
Days of the 
Months. 


Of tbe Diviſion of 7. ime. 
52 weeks of which the year conſiſts. And there- 


fore, if the Leap- year begins on Sunday, it will end 
on Monday; and the next year will begin on Tue/- 


not G, as in common years. By this means, the 
Leap-year returning every fourth year, the order 
of the Dominical Letters is interrupted; and the 


391. To find the Dominical Letter for any year ei- 


or IV. for Old Stile, or V. for New Stile, look for 
the hundreds of years at the head of the Table, 
and for the years below an hundred (to make up 
the given year) at the left hand; and where the 
columns meet, you have the Dominical Letter for 
the year deſired. Thus, ſuppoſe the Dominica 
Letter be required for the year of CHRIST 1758, 
New Stile, J look for 1700 at the head of Table V. 


in the angle of meeting, I find A, which is the Do- 
minical Letter for that year. If it was wanted 


Table IV. to be D. But zo find tbe Dominical Leiter 
for any given year before Cx is r, ſubtract one from 
that year, and then proceed in all reſpects as juſt 


the Dominical Letter be required for the 58zth 
year before the firſt year of CHRIST, look for 500 
at the head of Table III. and for 84 at the left 


which were the Dominical Letters for that year, 
and ſhews that it was a Leap-year; becauſe Leap 
year has always two Dominical Letters. 

392. To find the day of the month anſwering to all 
day of the week, or the day of. the week anſwering l. 
any _ 5 the month, for any year poſt or to com. 


Having 


better 


from 
; juſt 
pole 
585th 
r 500 
e left 
FL, 
yea, 
Leap 


to all 
ing 60 
4/1/11 
laying 


Medneſday. | | 
393. From the multiplication of the Solar Cycle A 
of 28 years into the Lunar Cycle of 19 years, and n 
the Roman Indiction of 1. years, ariſes the great 


Jul a 
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Having found the Dominical Letter for the given 


year, enter Table VI. with the Dominical Letter 
at the head; and under it, all the days in that co- 


lumn are Sundays, in the diviſions of the months; 
the next column to the right hand are Mondays; 
the next, Tueſdays; and ſo on to the laſt column 


under G; from which go back to the column un- 


der A, and thence proceed towards the right hand. _ 


as before. Thus, in the year 1737, the Dominical 


Letter New Stile is B, in Table V; then in Table VI. 


all the days under B are Sundays in that year, viz. 
the 2d, gth, 16th, 23d, and 3oth of January and 
Odlober; the 6th, 13th, 2oth, and 27th of February, 
March, and November; the 3d, toth, and 17th of 
April and Fuly, together with the 3 iſt of uh; and 
ſo on to the foot of the column. Then, of courſe, 


all the days under C on Mondays, namely, the 2d, 
10th, Sc. of January and OZober; and fo of all 


the reſt in that column. If zhe day of the week an- 


ſevering to any day of the month be required, it is 
eaſily had from the ſame Table by the Letter that 
. ſtands ar the top of the column in which the given 


day of the month is found. Thus, the Letter that 


| ſtands over the 28th of May is A; and in the year 


585 before CHRIST, the Dominical Letters were 
found to be FE, 5 391; which being a Leap- 
year, and E taking place from the 24th of February 
to the end of that year, ſhews by the Table that the 
25th of May was on a Sunday; and therefore the 
28th muſt have been on a M7edneſaay;, for when 
E ſtands for Sunday, F muſt ſtand for Monday, G 
for Tueſday, &c. Hence, as it is ſaid that the fa- 
mous Eclipſe of the Sun foretold by Traits, by 
which a peace was brought abour berween the 
Medes and Lydians, happened on the 28th of May, 
in the 585th year before CarisT, it fell on a 
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Julian Period, conſiſting of 7980 years, which had 
it's beginning 764 years before Strauchius's ſuppoſed 
year of the Creation (for no latercould all the three 

Cycles begin together) and it is not yet compleated: 
and 3 any ir includes all other Cycles, Periods, 
and Eras. There is but one year in the whole 
Period that has the ſame numbers for the three 
Cycles of which it is made up: and therefore, if 
hiſtorians had remarked in their writings the Cycles 

of each year, there had been no diſpute about the 
| time of any action recorded by them. 
To find the 394. The Dionyſian or vulgar ÆEra of Canis r“ 8 
Period: birth was about the end of the year of the Julian 
| Period 4713; and conſequently the firſt year of 
his age, according to that account, was the 4714th 
year of the ſaid Period. Therefore, if to the cur- 
rent year of ChRISTH we add 4713, the ſum will be 

the year of the Julian Period. So the year 1737 
will be found to be the 647oth year of that Period. 

Or, to find the year of the Julian Period anſwering 

to any given year before the firſt year of CHRIST, 

ſubtract the number of that given year from 4714, 

and the remainder will be the year of the Julian 
Period. Thus, the year 385 before the firſt year 
of CnRIsT (which was the * before his birth) 

was the 412 9th year of the ſaid Period. Laſtly, 
to find the Cycles of the Sun, Moon, and Indiction 
for any given year of this Period, divide the given 
And the year by 28, 19, and 15; the three remainders will 
9 be the Cycles ſought, and the Quorients the num- 
| bers of Cycles run ſince the beginning of the Pe- 
riod. So in the above 4714th year of the Julian 
Period, the Cycle of the Sun was 10, the Cycle of 
the Moon 2, and the Cycle of Indiction 4; the 
Solar Cycle having run through 168 courſes, the 
Lunar 248, and the Indiction 314. 

Thetrae 395. The vulgar ra of CagtsT's birth was 
| hg FR never ſettled till the year 527, when Dionyſus Exi- 
birch. guus, a Roman Abbor, fixed it to the end of the 
4713th year of the Julian Fenn, which was four 


7 years 


— mR 
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ears too late. For our Saviour was born before 


the death of Herod, who ſought to kill him as ſoon 


as he heard of his birth. And according to the 
teſtimony of Joſephus (B. xvii. ch. 8.) there was an 
Eclipſe of the Moon in the time of Herod's laſt ill- 
neſs; which Eclipſe appears by our Aſtronomical 
Tables to have been in the year of the Julian Pe- 
riod 4710, March 13th, at 3 hours paſt midnight, 


at Feruſalem. Now as our Saviour muſt have been 


born ſome months before Herod's Death, fince in 

the interval he was carried into Egypt, the lateft 

time in which we can fix the true Era of his Birth 

is about the end of the 4709gth year of the Julian 
Period. 

There is a romarkable Prophecy delivared to us 
in the ninth chapter of the book of Daniel, which, 
from a certain Epoch, fixes the time of reſtoring the 
State of the 7s, and of building the Walls of 
Feruſalem, the Coming of the MEss1 an, his Death, 
and the Deſtruction of Jeruſalem.— But ſome parts 
of this Prophecy (Ver. 25.) are ſo injudiciouſſy 


pointed in our Exgliſb tranſlation of the Bible, that, 


if they be read according to thoſe ſtops of point- 
ing, they are quite unintelligible. But the learned 
Dr. Prideaux, by altering theſe ſtops, makes the 
ſenſe very plain: and as he ſeems to me to have 


explained the whole of it better than any other au- 


thor I have read on the ſubject, I ſhall ſet down 
the whole of the Prophecy according as he has 
pointed it, to ſhew in what manner he has divided 


it into four different parts. 


Ver. 24. Seventy weeks are determined upon thy 
People, and upon thy boly City, to finiſh the Tranſgrefs 
fron, and to make an end of Sins, and to make recon- 
ciliation for Iniquity, and to bring in everlaſting Rigb- 
teouſneſs, and to ſeal up the Viſion and the Prophecy, 


and to anoint the moſt holy, Ver. 25. Know therefore 
and underſtand, that from the going forth of the Com- 


mandment to reſtore and build Jeruſalem unto the 
Mess1 an the Prince ſhall be ſeven weeks and three- 
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tore and two weeks, the ftreet ſhall be built again, and 


the wall even in troublous times, Ver. 26, And after 
threeſcore and two weeks ſhall Mess1an be cut off, 
but not for himſelf, and the people of the Prince that 
Hall come, ſhall deſtroy the City and Sanctuary, and the 


end thereof ſhall be with a Flood, and untathe end of the 


War  deſolations are determined. Ver. 27. And be 
Hall confirm the Covenant with many for one week, 
and in the midſi * of the week he ſhall cagſe the ſacri- 

e and the oblation to ceaſe, and for the obſpreading 
of abominations he ſhall make it deſolate even untill the 
Conſummation, and that an! Jon be bear ed pon 


tbe deſolate. 
This det was given to Hers by Ar- 


taxerxes Longimanus, in the ſeventh; year of that 


King's reign (Exra, ch. vii. ver. 11-26.) Ezra be- 
gan the work, which was afterward accompliſhed 
by Nehemiab; in which they met with great oppo- 
ſition and trouble from the Samaritans and others, 
during the firſt ſeven weeks, or 49 years. c 

From this accompliſhment till the time when 
Carisr's meſſenger John the Baptiſt began to 
preach the Kingdom of the Mzssfak, 62 Wels. 
or 434 years. 

From thence to the beginning of CurisT's pyb- 
lic miniſtry, half a week, or 3+ years. 

And from thence to the death of — 187, half 
a week, or 3+ years; in which half week he 
preached, and nnn the Covenant of the Goſpel 


with many. 
In all, from the going forth of the Command- 


ment t: 11 the Death of CHRIST, 70 weeks, or 490 


years. 
And, laſtly, in a very ſtriking manner, the Pro- 


phecy foretels what ſhould come to paſs after the 
expiration of the ſeventy weeks z namely, the De- 


ſtruftion of the City and Sanctuary by. the people of 


the Prince that was to come; which were the Roman 
The Doctor ſays, that this ought to be rendered, the half 


Armies, 


-— 8 
„ 
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Armies, under the command of Titus their Prince, 


who came upon FJeruſalem as a torrent, with their ido- 
latrous images, which were an abomination to the 
Jews, and under which they mafched againſt them, 
invaded their land, and beſieged their holy City, 
and by a calamitous war brought ſuch utter de- 
ſtruction upon both, that the Fews have never been 
able to recover themſelves, even to this day. 
Now, both by the undoubted Canon of Ptolemy, 
and the famous Ara of Nabonaſſar, the beginning 
of the ſeventh year of the reign of Artaxerxes Lon- 
gimanus King of Perſia (who is called Abaſuerus in 
the book of Eher) is pinned down to the 42 56th 
year of the Julian Period, in which year he gave 
Ezra the above mentioned ample Commiſſion: 
from which count 490 years to the Death of 
Carrsy, and it will carry the fame to the 4746th 
year of the Julian Period. | 5 
Our Saturday is the Jeriiſb Sabbath: and it is 


| plain, from St. Mort, ch. xv. ver. 42. and St. Lake, 


ch. xxiii. ver. £54, that CHRIST was crucified on a 
Friday, ſeeing the Crucifixion was on the day next 
before the Jecviſb Sabbath. — And according to St. 
John, ch. xviii. ver. 28. on the day that the Paſſover 


was to be eaten, at leaſt by many of the Jews. 


The Fews reckoned their months by the Moon, 
and their years by the apparent revolution of the 
Sun : and they ate the Paſſover on the 14th day of 
the month Niſan. which was the firſt month of their 


| year, reckaning from the firſt appearance of the New 


Moon, which at that time of the year might be on 


| the evening of the day next after the change, if 
| the ſky was clear. So that their 14th day of the 


month anſwers to our fifteenth day of the Moon, 


on which ſhe is full. —Conſequently, the Paſſover 


was always kept on the'day of Full Moon, 
And the Full Moon at which it was kept, was 


that one which happened next after the Vernal 


Equinox. For Joſephus expreſsly ſays (Antiq. B. iii, 


ch. 10.) * The Paſſover was kept on the 14th day 
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Of the Times of the Birth and Death of Cunusr; , 
« of the month NMiſan, according to the Moon, 


hen the Sun was in Aries. — And the Sun al- 


ways enters Aries at the inſtant of the Vernal Equi- 
nox; which, in our Saviour's time, fell on the 22d 


day of March. 
The diſpute among Chronologers about the year 


of CarisT's Death is limited to four or five years 


at moſt,—But, as we have ſhewn that he was cru- 
cified on the day of a Paſchal Full Moon, and on 


a Friday, all that we have to do, in order to aſcer- 
tain the year of his death, is only to compute in 


which of thoſe years there was a Paſſover Full 
Moon on a Friday. — For, the Full Moons antici- 
pate eleven days every year (12 Lunar Months 
being ſo much ſhort of a Solar Year) and therefore, 


once in every three years at leaſt, the ems were 


obliged to ſet their Paſſover a whole month for- 


warder than it fell by the courſe of the Moon, on 


the year next before, in order to keep it at the Full 
Moon next after the Equinox; therefore there could 
not be two Paſſovers on the ſame nominal day of the 
week within the compaſs of a few neighbouring 
years. And I find by calculation, the only Paſſover 


Full Moon that fell on a Friday, for ſeveral years 


before or after the diſputed year of the Crucifixion, 
was on the 3d day of April, in the 476th year of 
the Julian Period, which was the 490th year after 
Ezra received the above-mentioned Commiſſion 
from Artaxerxes Longimanus, according to Ptolemy's 
Canon, and the year in which the Mess1aH was to 
be cut off, according to the. Prophecy, reckoning 
from the going forth of that Commiſſion or Com- 
mandment : and this 490th year was the 33d year 
of our Saviouk's Age, reckoning from the vulgar 


Ara of his birth; but the 37th, reckoning from 


the true /Era thereof. 
And, when we reflect on what the Jews told him, 


{ome time before his death (Jobn vili. 57.) * Thou 


4e art not yet fifty years old,“ we muſt confeſs that 
it ſhould ſeem much likelier to have been ſaid to a 
| Perſon 


er- 
in 
ul 
ici- 
ths 
ore, 
ere 
for- 

, ON 
Full 
2uld 
the 
ring 
over 
ears 
tion, 
zr of 
after 
ſſion 
emy's 
as to 
ning 
Dom- 
year 
ulgar 
from 


him, 
Thou 
that 
to a 
erſon 


Of the Times of the Birth aud Death of CurIsr. 
perſon near forty than to one but juſt turned of 


thirty. And we may eaſily ſuppoſe that St. Luke 


expreſſed himſelf only in round numbers, when he 


faid that Chriſt was baptized about the 3oth year of 
his age, when he began his public miniſtry ; as our 
SaviouR himſelf did, when he ſaid he ſhould lie 
three days and three nights in the grave. 1 
The 474th year of the Julian Period, which 
we. have aſtronomically proved to be the year of 
the Crucifixion, was the 4th year of the 202d Olym- 


piad; in which year, Phlzgon, a heathen writer, 


tells us, there was the moſt extraordinary Eclipſe of the 
Sun that ever was ſeen. But I find by calculation, 
that there could be no total Eclipſe of the Sun at 
Jeruſalem, 1n a natural way, in that year.—So that 


what Phlegon here calls an Eclipſe of the Sun, ſeems 


to haye been the great darkneſs for three hours at 
the time of our Saviour's Crucifixion, as men- 
tioned by the Evangeliſts: a darkneſs altogether 


ſupernatural, as the Moon was then in the fide of 


the Heavens oppoſite to the Sun; and therefore 


396. As there are certain fixed points in the 


Heavens from which Aſtronomers begin their com- 


putations, ſo there are certain points of time from 
which hiſtorians begin to reckon; and theſe points, 
or roots of time, are called Zras or Epochs. The 
moſt remarkable ras are thoſe of the Creation, 
the Greek Olympiads, the Building of Rome, the 
Ara of Nabonaſſar, the Death of Alexander, the 
Birth of CHRIST, the Arabian Hegira, and the Per- 


an Feſdegird: All which, together with ſeveral 
others of leſs note, have their Beginnings in the 


following Table fixed to the Years of the Julian 
Period, to the Age of the World at thoſe times, 
and to the Years before and after the year of 
CnRisT's birth, 


A Table 


— — 
- — : 
OT I ION YT ag Dat ta Da 0 
— . — — 
— n 
— 75 — 1 — 3 


” " 
* mr 
— — * — py — — — 
— Pr — _ — 


could not poſſibly darken the Sun to any part of 
the , 77-5 „3 


— con. 


r 


8 — — 
a _ Ax = Ad 53 * 
4 
7 p — — = 
rr e . — eee —_— . 


— 


n os 
. 3 — 
e 0 PET: e 


OO e 


\ 


WE Table of remarkaple Erit and Events: 


x. The ; Citation of the World — — — 
2. The Deluge, or Mab's Flood 
3. The Hrian Monarchy founded by Nimrod 
4. The Birth of Abrabam 
8 The Deſtruction of Sodom and Gomorrah — 
The Beginning of the Kingdom of Ahenr by Cecro 
7. Maſes receives the Ten Commandments — 
8. The Entrance of the Iſraelites into Canaan 
9. The Deſtruction of Troy ' 
10. The Beginning of King David's Reign — 
xt. The Foundation of Solomon s Temple 
12. The Argonautic Expedition 
13. Lycurgus forms his excellent Laws — 
14. 4r6aces, the firſt King of the Medes — 
15. Mandaucxs, the ſecond 
I9. Seſarmas, che third _— — — — 
17. The Beginning of the Olympiad: 
18. Artica, the fourth King of the Medes 
19. The Catonian Fpocha of the Building of Rome 
20. The Era of Nabonaſſar — 
21. The Deſtruction of Samaria by Salmaneſer 
22. The firſt Eclipſe of the Moon on Record — 
23. Cardicea, the fifth King of the Medes — 
24. Phraortes, the fixth — — — — 4 
25. Cyaxares, the ſeventh — — 
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26. The firſt Babyloniſb Captivity by 1 wi 


27. Thelong Warended between the Medes and Lydians 
28. The ſecond Babylon; Captivity, and Birth of Cyrus 
29. The Deſtruction of Solomon's Temple — 
30. Nebuthadnezzar ſtruck with Madneſs 
31. Daniel's Viſion of the four Monarchies 
32. Cyras begins to reign in the Per/fian Empire 
33. The Battle of Marathon 
34. Artaxerxes Longimanus begins to reign — — 
35. The Beginning of Paniel's ſeventy Weeks of Years 
30. The Beginning of the Peloponnefian War — — 
37. Alexander's Oy at Arbela — — — — 
38. His Death 
39. The Captivity of 100000 Jeaus by King rler 
40. The Coloſſus of Rhodes thrown down by 
an Earthquake 

41. Antiochus defeated by Ptolemy Philopater — — 
42. The famous Arcaimepes murdered at Syracu/e 

43. Jaſon butchers the Inhabitants of Feru/alem — 
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44. Corinth plundered and burnt by Conſul Mummius | 


45. Julius Cæſar invades Britain 
46. He corrects the Calendar — — — — — 


47+ 1s killed in the Scaace-Houſe | — — — — 
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51. The true Era of CHRIS T's Birth — — 
82. The Death of Heres — — _—: 


| 59. The Death of C onfiqutine the. Great ii ul 


48. . Hered made King of Fudea  — — — 
49. Anthony defeated at the Battle of Aaium — 
co, Agrippa builds the Pantheon at Rome — — 


53- The Diony/ian or vulgar Era of CarrsT's Birth - 
54. The true Year of his Crucifixion wy 
55. The Deſtruction of Feruſalem — —* — 
50. Adrian builds the long Wall in Britain — 
57. Conflantius defeats the Pics in Britain — 
58. The Council of Nice 


bo. The Saxons invited into Baltarn — — 
61, The Arabian Hegira — —— — D — — 
62. The Death of Mohammed the pretended Prophet - 
63. The Perfiar YVeſdegird Sg $1 9% 2x28 
64. The Sun, Moon, and all the Planets in Libra, 5 
Sept. 14, as ſeen from the Earth 
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In fixing the year; of the Creation to the 705th Age of the 


year of the Julian Period, which was the 4007th 


year before the year of CHRIST's Birth, I have fol- 
lowed Mr, Bedford in his Scripture Chronology, 
printed A. D. 1730, and Mr. Kennedy, in a work 
of the ſame kind, printed A. D. 1762. Mr. Bed- 
ford takes it only for granted that the World was 
created at the time, of the Autumnal Equinox; 
but Mr. Kennedy affirms that the ſaid Equinox was 

at the noon of the fourth day of the Creation- 
week, and that the Moon was then 24 hours paſt 
her Oppoſition to the Sun.—If Moſes had told us 
the ſame things, we ſhould have had ſufficient data 
tor fixing the Æra of the Creation: but, as he has 
been ſilent on theſe points, we muſt conſider the 
beſt accounts of Chronologers as entirely hypo- 


thetical and uncertain. 
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CHAP. XXII. 


4 Dl ſcristion of the Altronowical Mathinery ſerving 
to explain and illuſtrate the foregoing 22775 of a 


7. reatiſe. 
Fronting 397. HE Ozuray. This Machine ſhews the 
_e Motions of the Sun, Mercury, Venus, 


The Oz - Earth and Moon; and occaſionally, the ſuperior 
* Planets, Mars, Jupiter, and Saturn, may be put 
on; Jupiter's four Satellites are moved round him 
in their ptopet times by a ſmall Winch; and Sa- 
turn has his five Satellites, and his Ring which 
I it's Paralleliſm round the Sun; and by a 
LP? put in the Sun's place, the Ring ſhews all 
the Phaſes deſcribed in the 204th Pigs 
The Sn. In the Center, No. 1. repreſents the Sun, ſup- 
ported by it's Axis inclining almoſt 8 Degrees 
from the Axis of the Ecliptic; and turning round 
in 252 days on it's Axis, of which the North Pole 
inclines toward the 8th Degree of Piſces in the 
The Eclip- great Ecliptic (No. 11.) whereon the Months and 
* Days are engraven over the Signs and Degrees in 
| which the Sun appears, as ſeen from the Lafth, on 
the different days of the year. 
Mercury, The neareſt Planet (No. 2.) to the Sun is Mer- 
Il [|| | cury, which goes rountl him in 87 days 23 hours, 
mn or 8524 diurnal rotations of the Earth; but has 
WM | no Motion round it's Axis in the Machine, becauſe 
the time of it's diurnal Motion in the Heavens is 
not known to us. 
[f Venus, The next Planet in order is Pia (No. 3 which 
Wt || performs her annual courſe in 224 days 17 hours; 
It || and turns round her Axis in 24 days 8 hours, or 
D in 24 diurnal rotations of the Earth. Her Axis 
111 inclines 75 Degrees from the Axis of the Ecliptic, 
| and her North Pole inclines towards the 2oth De- 


10 gtee of according to the obſervations of 
i Bianchim, 


* 
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88 


Bianchini. She ſhews all the Phenomena deſcribed 
from the oth to the 44th Article in Chap. I. 
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Next without the Orbit of Venus is the Earth, The Earth. 


(No. 4.) which turns round it's Axis, to any fixed 
point at a great diſtance, in 23 hours 56 minutes 
ſeconds; of mean ſolar time (S 221, & /eq.) but 


rom the Sun to the Sun again in 24 hours of the 


ſame time. No. 6. is a ſydereal Dial-Plate under 
the Earth; and No. 7. a ſolar Dial-Plate on the 
cover of the Machine. The Index of the former 
ſhews ſydereal, and of the latter, ſolar time; and 
hence, the former Index gains one entire revolu- 


tion on the latter every year, as 365 ſolar or natu- 


ral days contain 366 ſydereal days, or apparent re- 
volutions of the Stars. In the time that the Earth 
makes 3655 diurnal rotations on it's Axis, it goes 
once round the Sun in the Plane of the Ecliptic; 
and always keeps oppoſite to a moving Index 
(No. 10.) which ſhews the Sun's apparent daily 
change of place, and alſo the days of the months. 

The Earth is half covered with a black cap, for 
dividing the apparently enlightened half next the 


| Sun from the other half, which when turned away 
| from him is in the dark. I ke edge of the cap re- 


preſents the Circle bounding Light and Darkneſs, and 


ſhews at what time the Sun riſes and lets to all 


places throughout the year. The Earth's Axis in- 
clines 23+ Degrees from the Axis of the Ecliptic, 
the North Pole inclines toward the beginning of 
Cancer; and keeps it's Paralleliſm throughour it's 
annual Courſe, $ 48, 202; fo that in Summer the 
northern parts of the Earth incline towards the 
Sun, and in Winter from him: by which means, 


| the different lengths of days and nights, and the 


2 of the various feaſons, are demonſtrated to 
ight. 8 1 35 op i, 
There is a broad Horizon, to the upper ſide of 


which is fixed a Meridian ſemicircle in the North 
and South Points, graduated on both fides from 


the Horizon to 909 in the Zenith, or vertical Point. 
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The edge of the Horizon is graduated from the 
Eaſt and Weſt to the South and North Points, and 


bs theſe Diviſions are the Points df the Com- 


The Moon, 


' The Nodes, 


From the lower ſide of this thin Horizon- 
455 ſtand out four ſmall Wires, to which is fixed 
a Twilight-Circle 18 Degrees from the graduated 
fide of the Horizon all round. This Horizon 
may be put upon the Earth (when the cap is taken 
away) and rectified to the Latitude of any place: 
and then, by a ſmall Wire called Zhe Solar Ray, 
which may be put on ſo as to proceed directly from 
the Sun's Center towards the Earth's, but to come 
o farther than almoſt to touch the Horizon. The 
33 of Twilight, time of Sun: riſing, with 
his Amplitude, Meridian Altitude, Time of Set- 
ting, Amplitude then, and End of Twilight, are 
ſhewn for every day of the year, at that place to 
which the Horizon is rectified. 

The Moon (Ne g.) goes round the Earth, from 
between it and any fixed point at a great diſtance, 
in 27 days 7 hours 43 minutes, or through all the 
Signs and Degrees of her Orbit; which is called 
ber Periodical Revolution but ſhe goes round from 
the Sun to the Sun again, or from Change to 
Change, in 29 days 12 hours 45 minutes, which 
is Her Synodital Revolution; and in that time ſhe ex- 
hibits all the Phaſes already deſcribed, & 255. 
When the above-mentioned Horizon is rectified 
to the Latitude of any given place, the Times of 
the Moon's riſing and ſetting, together with her 
Amplitude, are ſhewn to that place as well as the 


Sun's; and all the various Phenomena of the Har- 


veſt-Moon, $ 273, & ſeq. are made obvious to 
hght. 

The Moon's orbit (Ne g.) is inclined. to the 
Ecliptic, (N“ 11.) one half being above, and the 
other below it. The Nodes, or Points at o and o, 


lie in the Plane of the Ecliptic, as deſcribed F 317, 
318, and ſhift backward through all it's Signs and 


Degrees i in 183 years, The Degrees of the Moon's 
Latitude, 


4 an F 
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and loweſt at 8 L (South Latitude) are engraven 
both ways from her Nodes at o and o; and, as the 
Moon riſes and falls in her Orbit according to it's 
inclination, her Latitude and Diſtance from her 
Nodes are ſhe bn for every day; having firſt recti- 
| fied her Orbit ſo as to ſet the Nodes to their proper 
places in the Ecliptic: and then, as they come 
about at different, and almoſt oppoſite times of the 
year, $ 319, and point twice towards the Sun, all 
the Eclipſes may be ſhewn for hundreds of years 
(without any new rectification) by turning the 
Machinery backward for time paſt, or forward for 


Node, on both ſides, is engraved a {mall Sun; and 
at 12 Degrees diſtance, a ſmall Moon; which 
ſhew the limits of ſolar and lunar Eclipſes, $ 317: 
and when, at any change, the Moon fails between 


eclipſed on the day pointed to by the Annual-In- 
dex (N? 10.) and as the Moon has then North or 
South Latitude, one may eaſily judge whether that 
Eclipſe will be viſible in the Northern or Squthern 
[| Hemiſphere; eſpecially as the Earth's Axis in- 
clines toward the Sun or from him at that time. 
And when, at any Full, the Moon falls between 
either of the little Moons and Node, the will be 
eclipſed, and the Annual-Index ſhews the day of 
that Eclipſe. There is a Circle of 294 equal parts 
(Ne 8.) an the cover of the Machine, oa which 
an Index ſhews the days of the Moon's age. 


Earth, and the forked part # upon the Moon, 


them, and they are led round it by the Moon. 
When the different places come to the ſemi-elliphs 
4a E b h, they have Tides of Flood; and when 
they come to the ſemicircle C E D, they have Tides 

by „ of 


Latitude, to the higheſt at MIL. (North Latitude) 


time to come. At 17 Degrees diſtance from each 


either of theſe Suns and the Node, the Sun will bs 


ſhews the Tides as the Earth turns round within 
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A {emi-ellipfis and ſemi- circle are fixed to an el- PLATE 
liptical ring, which being put like a cap upon the pig. X. 


Another 
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of Ebb, 8 304, 305 ; the Index on the Hour-Circle 


(Ne 7. ſhewing the times of theſe Phenomena. 

There is a jointed Wire, of which one end being 

ut into a hole in the upright ſtem that holds the 
Earth's cap, and the Wire laid into a ſmall forked 
piece which may be occaſionally put upon Venus 
or Mercury, ſhews the direct and retrograde Mo- 
tions of theſe two Planets, with their ſtationary 
Times and Places as ſeen from the Earth. 

The whole Machinery 1s turned by a winch or 
handle (Ne 12.) and is ſo cafily moved, that a 
clock might turn at without any danger of ſtopping. 

To give a Plate of the wheel-work of this Ma- 
chine, would anſwer no purpoſe, becauſe many of 
the wheels lie ſo behind others as to hide them from 
fight i in any view whatſoever. 


398. Another OxRERV. In this Machine, which 
is the ſimpleſt J ever ſaw, for ſhewing the diurnal 
and annual motions of the Earth, together with 
the motion of the Moon and her Nodes, A and B 
are two oblong ſquare Plates held together by four 

upright pillars ; of which three appear at f, g, and 
g2. Under the Plate A is an endleſs ſcrew on the 


Axis of the handle þ, which works in a wheel fixed 


on the ſame Axis with the double- grooved wheel 


Ez; and on the top of this Axis is fixed the toothed 
wheel i, which turns the pinion &, on the top of 
whoſe Axis is the pinion & 2 which turns another 
Pinion þ 2, and that other turns a third, on the 


Axis @ 2 of which is the. Earth turning round; 


this laſt Axis inclining 23+ Degrees. The ſup- 


porter X 2, in which the Axis of the Eartit turns, 
is fixed to the moveable Pe -:.: 
In the fixed Plate B, beyond H, is fixed the 


ſtrong wire d, on which hangs the Sun 72, ſo as it 


may turn round the wire. To this Sun is fixed the 
wire or ſolar ray Z, which (as the Earth U turns 
round it's A xis) points to all the places that the 


Sun pailes vertically over, every day of the year. 
The 
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lin the former Orrery, for dividing the day from 


from below the edge of the cap, or go in below 
lit, they ſhew the times of Sun-rifing and ſetting 
[every day of the year. This cap is fixed on the 
wire 4, which has a forked piece C turning round 


lit carries the Cap, Wire, and ſolar Ray round him; 
ſo that the ſolar Ray OE Points towards the 
Earth's Center. 


which turns a wheel on the cock or ſupporter , 


(hid from view) under the Plate C, which pinion 


ſocket V, which is fixed to the triangular piece 
above Z; and this piece is fixed to the top of the 
Axis of the laſt- mentioned wheel. The ſocket #/ 
is lit on the outermoſt fide; and in this flit the 
two pins near J, fixed in the Moon's Axis, move 
up and down; one of them being above the in- 
clined Plane ZA, and the other below it. By this 
mechaniſm, the Moon moves round the Earth 


＋ in the inclined Orbit 9, parallel to the Plane of 
the Ring YA; of which the Deſcending Node is 


at A, and the Aſcending Node oppoſite to it, but 


| hid by the ſupporter X 2. 


The ſmall wheel E turns the large wheels D and 
F, of equal diameters, by cat-gur ſtrings crofling 


are cranked at G and H, above the Plate B. The 


upright ſtems of theſe cranks going through the 


Plate C, carry it over and over the fixed Plate B, 


Cc 4 goes 


The Earth is half covered with a black cap a, as 


the night; and, as the different places came out 


the wire d. and, as the Earth goes round the Sun, 


On the Axis of the pinion & is the pinion m, | 
and on the Axis of this wheel neareſt u is a pinion | 


turns a wheel that carries the Moon / round the 
Earth U; the Moon's Axis riſing and falling in the 


be them: and the Axes of theſe two wheels 


with a motion which carries the Earth U round the | 
Sun 7, keeping the Earth's Axis always parallel 
ito itlelf; or ſtill inclining towards the left hand of 
the Plate; and ſhewing the viciſſitudes of ſeaſons, 
28 deſcribed in the tenth chapter. As the Eartn 
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goes round the Sun, the pinion & goes round the 
wheel i; for the Axis of & never touches the fixed 
Plate B, but turns on a wire fixed into the Plate C. 
On the top of the crank G 1s an Index L, which 
goes round the Circle #22 in the time that rhe 

arth goes round the Sun, and points to the days 
of the months; which, together with the names of 
the ſeaſons, are marked in this Circle. 

This Index has a ſmall grooved wheel L fixed 
upon it, round which, and the Plate Z, goes a cat- 
gut ſtring croſſing between them; and by this 


means the Moon's inclined Plane 7 X with it's 


Nodes is turned backward, for ſhewing the times 
and returns of Eclipſcs, $ 310, 320. 

The following parts of this machine muſt be 
conſidered as diſtinct from thoſe already deſcrib- 
. 1 . FS 
Towards the right hand, let $ be the Earth 


hung on the wire e, which is fixed into the Plate 


B; and let O be the Moon fixed on the Axis M, 
and turning round within the cap P, in which, and 
in the Plate C, the crooked wire © is fixed. On 
the Axis Mis allo fixed the Index K, which goes 
round a Circle H 2, divided into 29+ equal parts, 
which are the days of the Moon's age: but to 


avoid confuſion in the ſcheme, it is only marked 


with the numeral figures 1 2 3 4, for the Quarters. 
As the crank I carries this Moon round the Earth 
S in the Orbit z. ihe ſhews all her Phaſes by means 


of the cap P for the different days of her age, 
which are ſhewn by the Index K; this Index, 
turning juſt as the Moon O does, demonſtrates her 


turning round her Axis, as ſhe ſtill keeps the ſame 
fide towards the Earth &, $ 262. 


At the other end of the Plate C, a Moon N goes 


round an Earth R in the Orbit p. But this Moon 


Axis is ſtuck faſt into the Plate C at $ 2, ſo that 


neither Moon nor Axis can turn round; and as 


this Moon goes round her Earth, ſhe ſhews herſeſf 


all round to it; which proves, that if the Moon 


. Was 
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was ſeen. all round from the Earth in a Lunation, 
ſhe could not turn round her Axis. 

N. B. If there were only the two wheels D and 
F, with a cat-gut ſtring over them, but not croſſing 


between them, the Axis of the Earth U would keep 


it's Paralleliſm round the Sun T, and ſhew all the 
ſeaſons; as I ſometimes make theſe Machines: 
and the Moon O would go round the Earth S, 
ſhewing her Phaſes as above; as likewiſe would 
the Moon IN round the Earth K; but then, neither 


could the diurnal motion of the Earth U on it's 


Axis be ſhewn, nor the motion of the Moon“ 
round the Earth. 
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399. In the year 1746 I contrived a very ſimple The car- 
Machine, and deſcribed it's performance in a ſmall ok. 


Treatiſe upon the Phenomena of the Harveſt- 
Moon, publiſhed in the year 1747. I improved 
it ſoon after, by adding another wheel, and called 
it The Calculator. It may be eaſily made by any 
Gentleman who has a mechanical Genius. 


T he great flat Ring ſupported by twelve pillars, PLaTE 


and on which the twelve ſigns with their reſpective ;. 


Degrees are laid down, is che Ecliptic; nearly in 
the center of it is the Sun S ſupported by the ſtrong 
crooked Wire J; and from the Sun proceeds a 
Wire V, called the Solar Ray, pointing towards the 
center of the Earth E, which is furniſned with a 
moveable Horizon H, together with a braſen Me- 
ridian, and Quadrant of Altitude. R is a ſmall 
Ecliptic, whoſe Plane coincides with that of the 
great one, and has the like Signs and Degrees 
marked upon it; and is ſupported by two Wires 
D and D, which are put into the Plate P P, but may 
be taken off at pleature. As the Earth goes round 
the Sun, the Signs of this ſmall Circle keep paral- 
le] to themſelves, and to thoſe of the great Eclip- 
tic. When it is taken off, and the ſolar Ray // 
drawñ farther out, ſo as almoſt to touch the Hori- 
2z0n H, or the Quadrant at Altitude, the Horizon 
being 


VIII. 
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being rectified to any given Latitude, and the Earth 
turned round it's Axis by hand, the point of the 
Wire H/ ſhews the Sun's Declination in paſling oyer 


the graduated braſs Meridian, and his height at 
any given time upon the Quadrant of Altitude, to- 
gether with his Azimuth, or Point of bearing upon 
the Horizon at that time; and likewiſe his Ampli- 
tude, and time of riſing and ſetting by the Hour- 
Index, for any day of the year that the Annual-In- 
dex U points to in the Circle of Months below the 
Sun. Mis a Solar-Index or Pointer ſupported by 
the wire L which is fixed into the knob XK : the uſe 


of this Index is to ſhew the Sun's place in the 


Ecliptic every day in the year; for it goes over the 
Signs and Degrees as the Index U goes over the 


Months and Days; or rather, as they paſs under 


the Index U, in moving the cover plate with the 
Earth and it's Furniture round the Sun; for the 
Index U is fixed tight on the eee Axis in 
the Center of the Machine. K is a knob or handle 


for moving the Earth round the Sun, and the Moon 
round the Earth. 


As the Earth is carried round the Sun, it's Axis 


| conſtantly keeps the ſame oblique direction, or 


parallel to itſelf, $ 48, 202, ſhewing thereby the 
different lengths of days and nights at different 
times of the year, with all the various ſeaſons. 
And, in one annual revolution of the Earth, the 
Moon A goes 123 times round it from Change to 
Change, having an occaſional proviſion for ſhew- 
ing her different Phaſes. The lower end of the 


Moon's Axis bears by a ſmall friction wheel upon 
the inclined Plane 7, which cauſes the Moon to 


riſe above and ſink below the Ecliptic R in every 


Lunation; crofling it in her Nodes, which ſhift 


backward through all the Signs and Degrees of the 
ſaid Ecliptic, by the retrograde Motion of the in- 
clined Plane 7, in 18 years and 225 days. On 
this Plane the Degrees and Parts of the Moon's 
North and South Latitude are laid down from 1 

| 2 | | | the 
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[the Nodes, one of which, viz. the Deſcending 
| Node, appears at o, by D N above B; the other 


Node being hid from Sight on this Plane by the 


plate PP; and from both Nodes, at proper diſ- 
tances, as in the other Orrery, the limits of Eclip- 


ſes are marked, and all the ſolar and lunar Eclipſes 
are ſhewn in the ſame manner, for any given year, 
within the limits of 6000, either before or after the 


| Chriſtian Æra. On the plate that covers the wheel- - 


work, under the Sun &, and round the knob K, 
are Aſtronomical Tables, by which the Machine 
may be rectified to the beginning of any given year 


within theſe limits, in three or four minutes of time; 


and when once ſet right, may be turned backward 


for 200 years paſt, or forward for as many to come, 
| | without requiring any new rectification, There is 
ſa method for it's adding up the 29th of February 


every fourth year, and allowing only 28. days to 


that month for every other three : but all this be- 


ing performed by a particular manner of cutting 


| | the teeth of the Wheels, and dividing the Month- 


Circle, too long and intricate to be deſcribed here, 


I ſhall only ſhew how theſe motions may be per- 


formed near. enough for common uſe, by wheels 
with grooves and cat-gut ſtrings round them; only 


here 1 muſt put the Operator in mind, chat the 
grooves are to be made ſharp (not round) bottom- 


ed, to keep the ſtrings from {lipping. 

The Moon's Axis moves up and down in the 
ſocket M fixed into the bar O (which carries her 
round the Earth) as ſhe riſes above or ſinks below 


|| the Ecliptic; and immediately below the inclined 
Plane T7 is a flat circular plate (between 7 and 7) 


on which the different Excentricities of the Moon's 
Orbit are laid down; and likewiſe her mean Ano- 


| maly and elliptic Equation, by which her true 


Place may be very ncarly found at any time. Be- 


low this Apogee plate, which ſhews the Anomaly, 
| &c. is a Circle 2 divided into 294 equal parts, 


which 
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which are the days of the Moon's age : and the 


forked end A of the Index A B (Fig. II.) may be 


put into the apogee part of this plate; there be- 
ing juſt ſuch another Index to put into the inclined 
Plane Tat the Aſcending Node; and then the 
curved points B of theſe Indexes ſhew the direct 
Motion of the Apogee, and retrograde Motion of 
the Nodes through the Ecliptic R, with their 
Places in it at any given time. As the Moon M 
goes round the Earth E, ſhe ſhews her Place every 
day in the Ecliptic x, and the lower end of her 
Axis ſhews her Latitude and Diſtance from her 
Node on the inclined Plane 7, alſo her Diſtance 
from her Apogee and Perigee, together with her 
mean Anamaly, the then Excentricity of her Or- 
bit, and her elliptic Equation, all on the Apogee 
— and the Day of her Age in the Circle Y of 
295 equal parts; for every day of the year pointed 
out by the Annual-Index Uin the Circle of months, 
Having rectified the Machine by the Tables for 
the beginning of any year, move the Earth and 
Moon forward by the knob K, until the Annual- 

Index comes to any given day of the month; then 
ſtop, and not only all the above Phenomena may 
be ſhewn for that day, but alſo, by turning the 
Earth round it's Axis, the Declination, Azimuth, 

Amplitude, Altitude of the Moon at any hour, 
and the Times of her riſing and ſetting, are ſhewn 
by the Horizon, Quadrant of Altitude, and Hour- 
Index. And in moving the Earth round the Sun, 
the days of all the New and Full Moons and Eclip- 
ſes in any given year are ſhewn. The Phenomena 
of the Harveſt-Moon, and thoſe of the Tides, by 
ſuch a cap as that in Plate IX. Fig. 10. put upon 
the Earth and Moon, together with the ſolution of 
many ere not here related, are made conſpt- 
cuous. 

The eaſieſt, though not the beſt way, that I can 
inſtruct apy mechanical perſon to make the Tk 
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work of ſuch a machine, is as follows; which is 

the way that I made it, before I thought of num- 

bers exact enough to make it worth the trouble 


| of cutting teeth in the wheels. | 
| Fig. 3d of Plate VIII. is a ſection of this Ma- 2 
| hind: in which AB C is a frame of wood held Fig. Ill. 
together by four pillars at the corners, whereof two 
| appear at AC and BD. In the lower Plate CD of 
| this frame are three ſmall friction- Wheels, at equal 
| diſtances from each other; two of them appearing 
at e and e. As the frame is moved round, theſe 
vheels run upon the fixed bottom Plate E E, which 
ſupports the whole work. 
In the center of this laſt - mentioned Plate is fixed 
the upright Axis G FFf, and on the ſame Axis is 
ee fixed the Wheel HH H, in which are four Grooves, 
| I, J, k, L of different diameters. In theſe Grooves 
are cat- gut ſtrings going alſo round the SPE: 
i Wbeels M. N, O and P. 
„The Wheel M is fixed on a ſolid Spindle or Axis, 


x the lower pivot of which turns at & in the der 
. Plate of the moveable frame ABCD; and on the 
FE upper end of this Axis is fixed the Plate oo (which 


Wis PP, under the Earth, in Fig. 1.) and to this 
| Plate is fixed, at an Angle of 23% Degrees incli- 
nation, the Dial-plate below the Earth T; on the 
„Axis of which, the Index q is turned round by the | 
Earth. This Axis, together with the Wheel M. | 
8 and Plate 0 o, keep their Paralleliſm in going round | 
= the Sun F. | | 
„On the Axis of the Wheel M is a moveable 
WH locker, on which the ſmall Wheel N is fixed, and 
„on the upper end of this ſocket is put on tight (but 
j ſo as it may be occaſionally turned by band) the 
| bar Z Z (viz. the bar O in Fig. 1.) which carries 
the Moon m round the Earth T, by the focker z, 
| fixed into the bar. As the Moon goes round the 
| Earth, her Axis riſes and falls in the ſocket 7; be- 
cauſe, on the lower end of her Axis, which is turned 
. i ward, there is a ſmall friction Wheel s running \ | 
| on 
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another ſocket, on which is fixed the Wheel P, and 
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on the inclined Plane X (which is Tin Fig. "A ) and 
ſo cauſes the Moon alternately to rife above and 
fink below the little Ecliptic 4 (R in Fig. 1.) in 
every Lunation. 

On the ſocket or hollow axis of the Wheel N, 
there is another ſocket, on which the Wheel O is 
fixed ; and the Moon's inclined Plane A is put 
tightly on the upper end of this ſocket, not -on a 
ſquare, but on a round, that it may be occaſionally 
fet by hand without wrenching the Wheel or Axle. 

Laftly, on the hollow Axis of the Wheel O is 


on the upper end of this ſocket is put on tightly 


- Apogee plate I (that immediately below 7 in Wl ? 
Fig. 1.) All theſe Axles turn in the upper Plate ( 
of the moveable frame at 2; which Plate is co- Ml 
vered with the thin Plate cc ({crewed to it) Where- 1 
on are the fore- mentioned Tables and Month-Cir- b 
cle in Fig. 1. 
\ The middle part.of the thick fred Wheel HHH t 
is much broader than the reſt of it, and comes out ti 


between the Wheels M and O almoſt to the Wheel V 
N. To adjuſt the diameters of the Grooves of this fi 
fixed Wheel to the Grooves of the ſeparate Wheels p 
M. NM, O and P, ſo as they may perform their mo- t 
tions in the proper times, the e method a 
muſt be obſerved. m 

The Groove of the Wheel M, which keeps the fe 
Paralleliſm of the Earth's Axis, muſt be preciſely b. 


of the ſame Diameter as the lower Groove [of the in 
fixed Wheel H H H; but, when this Groove is fo be 
well adjuſted as to ſhew, that in ever ſo many an- in 
nual revolutions of the Earth, it's Axis keeps it's al 


Paralleliſm, as may be obſerved by the folar Ray ge 
W (Fig. 1.) always coming preciſely to the ſame WF 01 
Degree of the ſmall Eclipric R at the end of every ¶ tic 
annual revolution, when the Index M points to the Wil th 
like Degree in the great Ecliptic; then, with the WF 

edge of a thin File, give the Groove of the Wheel Mt X 
M a ſmall rub all round, and, by that means le- iy 

g ſening 
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ſening the Diameter of the Groove perhaps about 
the 20th part of a hair's-breadth, it will cauſe the 
Earth to ſhew the Preceflion of the Equinoxes; 
which, in many annual revolutions, will begin to 
be ſenſible, as the Earth's Axis deviates ſlowly from 
ics Paralleliſm, $ 246, towards the antecedent Signs 


of the Ecliptic. 


The Diameter of the Groove of the Wheel N, 
which carries the Moon round the Earth, muſt be 
to the Diameter of the Groove X, as a Lunation i iS 
to a year; that is, as 294 to 3655. 

The Diameter of the Groove of the Wheel O, 
which turns the inclined Plane X with the Moon's 


Nodes backward, muſt be to the Diameter of the 


Groove &, as 20 to 18444. And, 
Laſtly, the Dlameter of the Groove of the Wheel 
P, which carries the Moon's Apogee forward, muſt 


be to the Diameter of the Groove L, as 70 to 62. 


But, after all this nice adjuſtment of the Grooves 
to the proportional times of their reſpective Wheels 
turning round, and which ſcems to promiſe very 
well in Theory, there will ſtill be found a neceſ- 
ſity of a farther adjuſtment by hand; becauſe pro- 
per allowance muſt be made for the Diameters of 


| the cat- gut ſtrings: and the Grooves muſt be ſo 


adjuſted by hand, as, that in the time the Earth is 
moved once wand the Sun, the Moon muſt 
form 12 ſynodical revolutions round the Earth, dc 


be almoſt 11 days old in her 1 3th revolution. The 


inclined Plane with it's Nodes muſt go once round 
backward through all the Signs and Degrees of the 
imall Ecliptic in 18 annual revolutions of the Earth, 
and 225 days over. And the Apogee plate mult 


go once round forward, ſo as it's Index may go 


over all the Signs and Degrees of the ſmall Eclip- 
tic in eight years (or ſo many annual revolutions of 


the Earth) and 312 days over. 


N. B. The ſtring which goes round the Grooves 
Xand N for the Moon's Motion muſt croſs be- 


SA tween * vrheels; but all the reſt of the ſtrings 
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go in their reſpective Grooves, I M, k O, and L P, 
without TI. 


400. The Commranio, This curious Ma. 
chine ſnews the Motion of a Comet or excentric 
Body moving round the Sun, deſcribing equal areas 
in equal times, $ 152, and may be ſo contrived as 
to ſhew ſuch a Motion for any Degree of Excen- 
tricity. It was invented by the late Dr. Dxsa- 
GULIERS. 

The dark elliptical Groove round the letters 
abcdefghikim is the Orbit of the Comet Z: this 
Comet is carried round in the Groove, according 
to the order of letters, by the Wire V fixed in the 
Sun 5, and ſlides on the Wire as it approaches 
nearer to or recedes farther from the Sun, being 
neareſt of all in the Perihelion a, and fartheſt in 


the Aphelion g. The areas 4 Sb, bSc, c & d, &c. 


or contents of theſe ſeveral Triangles, are all equal; 


and in every turn of the Winch N the Comet Y 1s 


carried over one of theſe areas: conſequently in as 
much time as it moves from F to g, or from g to h, 
it moves from m to a, or from ato 2; and fo of 
the reſt, being quickeſt of all at a, and floweſt at g. 
Thus, the Comet's velocity in it's Orbit continually 
decreaſes from the Perihelion à to the Aphelion g; 
and increaſes in the ſame proportion from g to 4. 
The elliptic Orbit is divided into 12 equal Parts 
or Signs, with their reſpective Degrees, and ſo is 
the Circle zopgrszn, which repreſents a great 
Circle in the Heavens, and to which the Comets 
motion is referred by a ſmall knob on the point of 
the wire NV. Whilſt the Comet moves from F tog 
in it's Orbit, it appears to move only about five 
degrees in this Circle, as is ſhewn by the ſmall knob 
on the end of the Wire V; but in the like time, 
as the Comet moves from to a, or from à to 1, 
it appears to deſcribe the large ſpace 7 or 20 in 
the Heavens, either of which ſpaces contains 120 
Degrees, or tour Signs, Were the * 
0 
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„Hof it's Orbit greater, the greater ſtill would be the 
difference of it's Motion, and vice verſe. + 
ABCDEFGHIKL MA is a circular Orbit * 
4. bewing the equable Motion of a Body round the 
ic Sun 5, deſcribing equal Areas A5 B, 550, &c. in 
as equal times with 5 of the Body Yin it's elliptical 
as Orbit above- mentioned; but with this difference, 
n- chat the circular Motion deſcribes the equal Arcs 
4-43, BC, &c. in the ſame equal times that the ellip- 
tical Motion deſcribes the unequal Arcs ab, bc, &c. 
rs Now, ſuppoſe the two Bodies and 1 to ftart 
is from the Points & and A at the ſame moment of 
game, and each having gone round it's reſpective 
he Orbit, to arrive at theſe Points again at the ſame 
es I inſtant, the Body 7 will be forwarder in it's Orbit 
ig than the Body 1 all the way from à to g, and from 
in 4 to G; but 1 will be forwarder than 7 through 
c. all the other half of the Orbit; and the difference 
l; is equal to the Equation of the Body 7 to it's Or- 
is bir. At the Points a, A, and g, G, that is, in the 
as Wi Perihelion and Aphelion, they will be equal; and 
„ then the Equation vaniſhes. This ſhews why the 
of Equation of a Body moving in an elliptic Orbit, is 
g. added to the mean or {uppoſed circular Motion 
from the Perihelion to the Aphelion, and ſub- 
27; {Wi tracted from the Aphelion to the Perihelion, in 
. WE Bodies moving round the Sun, or from the Peri- 
ts i gee to the Apogee, and from the Apogee to the 
15 Perigee in the Moon's Motion round the Earth, 
at WY according to the Precepts in the 333d Article; 
t's only we are to conſider, that when Motion is 
of WM turned into Time, it reverſes the titles in the 
$i Table of e Moon's elliptic Equation. n.. 
ve This Motion is performed in the following man- PLATE 
ob ner by the machine. 4 B C is a wooden bar (in pig. 8 
e, I the box containing the heel - work) above which 
6, (re the Wheels D and E; and below it the elliptic — 
in Plates FFH and GG; erch Plate being fixed on an 
20% Axis in one of it's Focuſes, at E and K; and the 
ity Wheel E is fixed on the ſame Axis with the Plate 
of Re * 
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| five, or fix times as great as the diſtance K B, th 
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F F. Theſe Plates have Grooves round their edge 

| Preciſely of equal diameters to one another, and in 
Grooves is the cat-gut ſtring gg, gy croſſing 
between the Plates at ö. On H, (the Axis of the 
handle or winch V in Fig. 4th,) is an endleſs ſcrey 
in Fig. 3, working in the Wheels D and E, whoſe 
numbers of teeth being equal, and ſhould be equi 
to the number of lines a8, 8 5, c &, &c. in Fig. 4, 
they turn round their Axes in equal times to one 
another, and to the Motion of the elliptic Plates 
For, the Wheels D and E having equal number 
of teeth, the Plate FF being fixed on the ſame 
Axis with the Wheel E, and the Plate F F turning 
the equally big Plate G G by a cat-gut ſtring round 


them both, they muſt all go round their Axes i m 
as many turns of the handle N as either of th F 
Wheels has teeth. 8.) th 
It is eaſy to ſee, that the end 5 of the elliptical cl 
Plate FF being farther from it's Axis E than th la 
oppoſite end i is, muſt deſcribe a Circle ſo mu ec 
the larger in proportion; and muſt therefore moy: 
through fo much more ſpace in the ſame time; ani tb 
for that reaſon the end h moves ſo much faſter tha of 
the end i, although it goes no ſooner round th tic 
Tenter E. But then, the quick-moving end 2 Ml tic 
the Plate FF leads about the ſhort end h K of t w 
Plate G G with the ſame velocity; and the ſlo fe 
moving end # of the Plate FF coming half round m 
as to B, muſt then lead the long end & of the Pla th 
G G as ſlowly about: So that the elliptical Pla hi 
F F and it's Axis E move uniformly and equally d: 
quick in every part of it's revolution; but H 
elliptical Plate G G, together with it's Axis K, mul 
move very unequally in different parts of it's revo th 
lution ; the difference being always inverſely as th is 
diſtance of any point of the Circumference of GUM tt 
from it's Axis at K: or in other words, to i {; 


ſtance in two points, if the diſtance K & be four 


Point 5 —_— move in that poſition four, five, or fi 
| 5 | | time 
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ge times as faſt as the Point E does; when the Plate 
in 6 G has gone half round: and ſo on for any other 
ing Excentricity or Difference of the Diſtances & and 


the x 5. The tooth i on the Plate FF falls in between 


rey the two teeth at & on the Plate G G, by which 
of: MW means the revolution of the latter is fo adjuſted to 


ual that of the former, that they can never vary from 


one another. | | 

One On the top of the Axis of the equally-moving 
te, Wheel D, in Fig. 5th, is the Sun & in Fig. 4th; 
en which Sun, by the Wire Z fixed to it, carries the 


me Ball 1 round the Circle 45 CD, &c. with an equa- 


ing ble Motion, according to the order of the letters: 
and on the top of the Axis K of the unequally- 
moving Ellipſes G G, in Fig. 5th, is the Sun & in 
Fig. 4th, carrying the Ball 7 unequally round in 
the elliptical Groove 4 % c d, &c. N. B. This 
elliptical Groove muſt be preciſely equal and ſimi- 
lar to the verge of the Plate & G, which is alſo 
equal to that of FF. | 

In this manner, Machines may be made to ſhew 
the true Motion of the Moon about the Earth, or 
of any Planet about the Sun ; by making the ellip- 
tical Plates of the ſame Excentricities, in propor- 
tion to the Radius, as the Orbits of the Planets are, 


ferent Equations in different parts of their Orbits 
may be made plain to ſight ; and clearer Tdeas of 
theſe Motions and Equations acquired in half an 
hour, than could be gained from reading half a 
day about ſuch Motions and Equations. 


the end IN is fixed an upright pin H G, which 
ſtands directly over the North Pole of the Ecliptic, 
and perpendicular to that part of the ſurface of the 
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whoſe Motions they repreſent; and ſo, their dif- 
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the North Pole of the Axis, abdve the Hour-Circle, proved Cx- 


LESTIAL 


is fixed an Arch MK Hof 23+ Degrees; and atGroxs, 


Globe. On this pin are two moveable Collets at PLATE 
D and H, to which are fixed the quadrantal Wires Fir I. 
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To rectify 
it. 


Meridian, and ſet the Hour-Index to XII at noon, 
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N and O, having two little Balls on their ends for the 
Sun and Moon, as in the Figure. The Collet D is 
fixed to the circular Plate F, whereon the 29+ days 
of the Moon's age are engraven, beginning juſt 
under the Sun's Wire N; and as this Wire is moved 
round the Globe, the Plate F turns round with it. 
Theſe Wires are eaſily turned, if the ſcrew G be 
flackened ; and when they are ſet to their proper 
places, the ſcrew ſerves to fix them there ſo, as in 
turning the Ball of the Globe, the Wires with the 
Sun and Moon go round with it; and theſe two 
little Balls riſe and fer at the ſame times, and on 
the ſame points of the Horizon, for the day to 
which they are rectified, as the Sun and Moon do 


in the Heavens. | 


Becauſe the Moon keeps not her courſe in the 
Eclipric (as the Sun appears to do) but has a De- 
clination of 54 degrees on each fide from it in 
every Lunation, § 317, her Ball may be ſcrewed 
as many Degrees to either ſide of the Ecliptic as 


her Latitude or Declination from the Ecliptic 


amounts to at any given time; and for this pur: 
poſe & is a ſmall piece of paſteboard, of which the 
curved edge at & is to be ſet upon the Globe at 
right Angles to the Ecliptic, and the dark line over 
S to ſtand upright upon it. From this line, on 
the convex edge, are drawn the 53 Degrees of the 
Moon's Latitude on both ſides of the Ecliptic; 
and when this piece is fet upright on the Globe, 
it's graduated edge reaches to the Moon on the 
Wire O, by which means ſhe is caſily adjuſted to 


her Latitude found by an Ephemeris. 


The Horizon is ſupported by two ſemicircular 
Arches, becauſe Pillars would ſtop the progreſs of 
the Balls when they go below the Horizon in an 
oblique ſphere. M | 


> 


To retify this Globe. Eleväte the Pole. to the 


Latitude of the Place; then bring the Sun's place 
in the Ecliptic for the given day to the braſen 


that 


The-PLANETARY GLOBE de/cribed.. 


that is, to the upper XII on the Hour - Circle; 


keeping the Globe in that ſituation, ſlacken the 
ſcrew G, and ſer the Sun directly over his place on 
the Meridian; which done, ſet the Moon's Wire 
under the number that expreſſes her age for that 
day on the Plate E, and ſhe will then ſtand over 
her place in the Ecliptic, and ſhew what Conſtel- 
lation ſhe is in. Laſtly, faſten the ſcrew G, and 
laying the curved os of the paſteboard & over 
the Ecliptic below the Moon, adjuſt the Moon to 
her Latitude over the graduated edge of the paſte- 
board ; and the Globe will be rectified, 


Wich the points of the Compaſs on which the Sun 
and Moon riſe and ſet in the Heavens on the given 
day; and the Hour-Index ſhews the times of their 
filing and ſetting; and likewiſe the time of the 
Moon's s pe Nong over the Meridian. 

The imple Apparatus ſhews all the varieties 
that can happen in the riſing and ſetting of the 
Sun and Moon ; and makes tne forementioned 
Phenomena of the Harveſt- Moon (Chap. xvi.) 
plain to the eye. It 1s alſo very uſeful in reading 
Lectures on the Globes, becauſe a large company 
can ſee this Sun and Moon go round, riſing above 
and ſetting below the Horizon at different times, 
according to the ſeaſons of the year; and making 
their appulſes to different fixed Stars,” Bur in the 
uſual way, where there is only the places of the 
Sun and Moon- in the Ecliptic to keep the eye 
upon, they are eaſily loſe ſight of, unleſs they be 
covered with patches. | | 


chine, T is a terreſtrial Globe fixed on it's Axis 


ſanding upright on the Pedeſtal C DE, on which! 
is an Hour-Circle, having it's Index fixed on the 
Axis, which turns ſomewhat tightly in the * 
D d 3 | | ſo 


*% 
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H ving thus rectified the Globe, turn it round, tr: uſe. 
land ubſerve on what points of the Horizon the 
Sun and Moon Balls rife and ſet, for theſe agree 
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lower end of which, in all poſitions, touches the 


9o. The great flat Circle or Plate AB is the Eclip- 


the next without it is Mercury, the next Venus, 
the next the Sun, then Mars, then Jupiter, and 


0. , , 8, 4, u, h. This Plate or Ecliptic is 


The PLANETARY GLOBE deſcribed. 
ſo that the Globe may not be liable to ſhake; to Ml fc 
prevent which, the Pedeſtal is about two Inches Wl v 
thick, and the Axis goes quite through it, bearing 
on a ſhoulder. The Globe is hung in a graduated p 
braſen Meridian, much in. the uſual way; and the E 
thin Plate N, N E, E is a moveable Horizon, gra. t 
duated round the outer edge, for ſhewing the Bear. I 
ings and Amplitudes'of the Sun, Moon, and Pla. 21 
nets. The braſen Meridian 1s grooyed round the 
outer edge; and in this Groove is a ſlender ſemi- 
circle of braſs, the ends of which are fixed to the 
Horizon in its North and South Points: this ſemi- 
circle ſlides in the Groove as the Horizon is moved 
in rectifying it for different Latitudes. To the 
middle of the ſemi-circle is fixed a Pin, which al- 
ways keeps in the Zenith of the Horizon, and on 
this Pin, the Quadrant of Altitude g turns; the 


Horizon as it is moved round the ſame. This 
Quadrant is divided into go Degrees from the Ho- 
rizon to the zenithal Pin on which it is turned, at 


tic, on the outer edge of which the Signs and De- 
grees are laid down; and every fifth Degree is 
drawn through the reſt of the ſurface of this Plate 
towards it's Center. On this Plate are ſeven 
Grooves, to which ſeven little Balls are adjuſted by 
lliding Wires, ſo that they are eaſily moved in the 
Grooves, without danger of ſtarting out of them. 
The Ball next the terreſtrial Globe is the Moon, 


laſtly Saturn; and in order to know them, they 
are ſeparately ſtampt with the following Characters; 


* 


ſupported by four ſtrong Wires, having their lower 
ends fixed into the Pedeſtal, at C, D, and E, the 
fourth being hid by the Globe. The Ecliptic 1s 
zaclined 237 Degrees to the Pedeſtal, and is hay 
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The PlansTARY GLOBE deſcribed. 
fore properly inclined to the Axis of the Globe 
which ſtands upright on the Pedeſtal. 


To rectiſy this Machine, Set the Sun, and all the To reQify 


planetary Balls, to their geocentric places in the 
Ecliptic for any given time, by an Ephemeris : 
then ſet the North Point of the Horizon to the 
Latitude of your place on the braſen Meridian, 
and the Quadrant of Altitude to the South Point 
of the Horizon; which done, turn the Globe with 
its Furniture till the Quadrant of Altitude comes 
right againft the Sun, viz. to his place in the Eclip- 
tic; and keeping it there, ſet the Hour Index to 
the XII next the letter C; and the Machine will 
be rectified, not only for the following Problems, 
but for ſeveral others, which the Artiſt may eaſily 
find out. 


PROBLEM J. 


To ful the Amplitudes, Meridian Altitudes, and 
times of riſing, culminating, and ſetting, of the 
Sun, Moog, and Planets. | 


Turn the Globe round eaſtward, or according res ug 


to the order of Signs; and as the eaſtern edge of 
the Horizon comes right againſt the Sun, Moon, 
or any Planet, the Hour-Index will ſhew the time 
of it's rifing ; - and the inner edge of the Ecliptic 
will cut it's riſing Amplitude in the Horizon. 
Turn on, and as — ugdrant of Aititude comes 
right againſt the Sun, Moon or'Planets. the Eclip- 
I tc cuts 1 meridian Altitudes in the Quadrant, 
| and the Hour-Index ſhews the times of their com- 
ing to the Meridian. Continue turning, and as 
the weſtern edge of the Horizon comes right againſt 
the Sun, Moon, or Planets,. their ſetting Ampli- 
tudes are cut in the Horizon by the Ecliptic; and 

the times of their ſetting are thewn by the Index 

on the Hour: Circle. 


N 8 
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PROBLEM II. 


To fnd Fo htc 3 lth of hy gun, Moon, : 


The Tz 4- 
JEC "a bf 
PM 
$630: 


and Planets, at any lime of our _ above the 
Horizon. | $1 
s PI the Globe till the Index comes to the 
iven time in the Hour-Circle ; then keep the 
Globe ſteady, and moving the Quadrant of Alti- 
tude to each Planet reſpectively, the edge of the 
Ecliptic will cut the Planet's mean Altitude on the 
Quadrant, and the Quadrant will cut the Planer's 


Azimuth, or Point of Bearing on the Horizon. 


Fon WW 


The Sun's Aliilude being given at any time either be- 
fre or after Noon, ta find the Hour of the Day, 
and the Variation Ls the Compaſs, in apy Fnown 
" Latitude.” 


With one hand hold the edge of the — 
right againſt the Sun; and, with the other hand, 
turn the Globe weſtward, if i it be in the forenoon, 
or eaſtward if it be in the afternoon, until the 


Sun's place at the inner edge of the Eclipric' cuts 
the Quadrant in the Sup's obſerved Altitude; and 
then the Hour-Index will point out the time of 


the day, and the Quadrant will cut the true Azi- 
muth, or Bearing of the Sun for that time: the 
difference between which, and the bearing ſhewn 
by the Azimuth Compaſs, ſhews the Varjation of 
the Compals | in that place of the Earth. . 


: 493: The Targon LunaReg. This Ma- 
chine' is for delineating the Paths of the Earth and 
Moon, * thewing what fort of Curves they make in 
the emvreal regions; e gag yas Un 4 

the 


— 
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The Ta AJ reronmοπ LUNARE deſcribed. | 40g 
the 266th Article. & is the Sun, and Zthe Earth, rrarz 
whoſe Centers are 81 Inches diſtant from each ;; v. 
other; every Inch anſwering to a Million of Miles, | 
5 7. Mis the Moon, whoſe Center is £4 parts | 
of an Inch from the Farth's in this Machine, this 
being in juſt propottion to the Moon's diſtance 
from the Earth, & 52. AA is a Bar of Wood, to 
be moved by hand round-rhe Axis g which is Gxed | 
in tbe Wheel Z. The Cireumference of this | 
Wheel is to the Circumference of the ſmall Wheel 

L(below the other end of the Bar) as 365+ days 
he is to 292; or as a Tear is to a Lonation. The | 
bs Wheels are grooved round their edges, and in the 

Grooves is the cat- gut ſtring G G-croffing between 
the Wheels at X. On the Axis of the Wheel L 
is the Index F, in which is fixed the Moon's Axis | 
M tor carrying her round the Earth E (fixed on | 
the Axis of the Wheel L) in the time that the In- 
dex goes round a Circle of 294 equal parts, which 
„ re the days of the Moon's age. The Wheel 2 
has the Months and Days of the year all round it's 
Limb; and in the Bar A A is fixed the Index J 
vhich points out the Days of the Months anſwer- 
ing to the Days of the Moon's age, ſhewn by the 
Index F, in the Circle of 294 equal parts at the 
other end of the Bar. On the Axis of the Wheel 
L is put the piece D, below the Cock C, in which 
this Axis turns round; and in D are put the Pen- 
cils e and m, directiy under the Earth E and Moon 
M; ſo that n is carried round e, as M is round E. 
Lay the Machine on an even Floor, preſſinggently it's uſe, 


g on the Wheel , to cauſe it's ſpiked Feet (of which 
wo appear at P and P, the third being ſuppoſed 
Vt be hid from ſight by the Wheel) enter a little - 


into the Floor to 3 the Wheel from turning. 
Then lay a paper about four feet long under the 
Pencils e and mn, croſs-wiſe to the Bar: which done, 
move the Bar lowly round the Axis g of the Wheel 
Y; and, as the Earth E goes round the Sun 5, the 
Moon M will go round the Earth with a duly pro- 
portioned 


7 


Tbe 'Tive-DIAL deſeribed. "A 
portioned velocity; and the friction Wheel M run- 


© ning on che Floor, will keep the Bar from bearing 


The Tioz- 404. The T1nz-Diar, The outſide parts of 


DAI. 


too heavily on the Pencils e and m, which will de- 


lineate the Paths of the Earth and Moon, as in 
Fig. 2d, already deſcribed at large, § 266, 267, 
As the Index I points out the Days of the Months, 


the Index F ſhews the Moon's age on theſe Days, 
ia the Circle of 292 equal parts. And as this lai 


Index points to the different Days in it's Ciccle, 
the like numeral Figures may be ſet to thoſe parts 


of the Curves. of the Earth's Path and Moon's, 


where the Pencils e and #2 are at thoſe times re- 
ſpectively, to ſhew the places of the Earth and 
Moon. If the Pencil e be puſhed a very little off, 
as if from the Pencil n, to about 4; part of their 


diſtance, and the Pencil n puſhed as much towards Ml Pl. 


e, to bring them to the ſame diſtances again, though 
not to the ſame points of ſpace; then, as m goes 
round e, e will go as it were round the Center of 
Gravity between the Earth e and Moon m, 5 298: 
but this Motion will not ſenſibly alter the Figure 
of the Earth's Path or the Moon's. 

If a pin, as p, be put through the Pencil m, with 
it's head towards that of the Pin g in the Pencil e, 
it's head will always keep thereto as m goes round 
e, or as the ſame ſide of the Moon is ſtill obyerted 
to the Earth. But the Pin p, which may be con- 
ſidered as an equatorial Diameter of the Moon 
will turn quite round the Point m, making all poſ- 
ſible Angles with the Line of it's Progreſs, or Line 


of the Moor's Path. This is an ocular proof of 


the Moon's turning round her Axis. 


this Machine conſiſt of, 1. An eight-{ided Box, on 


- PLATE the top of which at the corners is ſhewn the Phaſes 


IX. 
Fig. VII. 


of the Moon at the Octants, Quarters, and Full. 
Within theſe is a Circle of 294 equal parts, which 
are the days of the Moon's age accounted from the 
Sun at New Moon, round to the Sun again. Within 


this 


The Tivz-DraL deſcribed. 
un- W this Circle is one of 24 hours divided into their re- 
ng I ſpective Halves and Quarters. 2. A moving el- 
de- ¶ jiptical Plate, painted blue, to, repreſenc the riſing 


in of the Tides under and oppoſite to the Moon; 


67. WM and has the words, High Water, Tide falling, Low 
hs, Water, Tide riſing, marked upon it. To one end 
YS, of this Plate is fixed the Moon M by the Wire V, 
aſt and goes along with it. 3. Above this elliptical 
le, Plate is a round one, with the points of the Com- 
ts paſs upon it, and alſo the names of above 200 places 
, in the large Machine (but only 32 in the Figure, 
rc- ¶ to avoid confuſion) ſet over thoſe Points on which 
nd WH the Moon bears when ſhe raiſes the Tides to the 
ff, oreateſt heights at theſe Places twice in every lunar 
cl day: and to the North and South Points of this 
ds BN Plate are fixed two Indexes I and K, which ſhew the 
gui times of High Water, in the Hour-Circle, at all 


dei theſe places. 4. Below the elliptical Plate are four 
of WW {mall Plates, two of which project out from below 
6:8 irs ends at New and Full Moon; and fo, by length- 
re cning the Ellipſe, ſhew the Spring Tides, which 
| are then raiſed to the greateſt heights by the united 
th attractions of the Sun and Moon, $ 302. The 
„other two of theſe ſmall Plates appear at low water 
10 8 when the Moon is in her Quadratures, or at the 
ed fides of the elliptic Plate, to ſhew the Neap-Tides; 
the Sun and Moon then acting croſs-wife to each 


other. When any two of theſe ſmall Plates appear, 
the other two are hid; and when the Moon is in 
her Octants, they all diſappear, there being neither 
Spring nor Neap Tides at thoſe times. Within 
the Box are a few Wheels for performing theſe 
Motions by the Handle or Winch H. ; 
Turn the Handle until the Moon M comes to 
any given day of her age in the Circle of 29 equal 
parts, and the Moon's Wire / will cut the time 
of her coming to the Meridian on that day, in the 
Hour-Circle; the XII under the Sun being Mid- 
day, and the oppoſite XII midnight: then looking 
TW forthe name of any given place on the round Plate 

Mu (which 


* 


It's uſe; 
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portioned velocity; and the friction Wheel run- 
ning on the Floor, will keep the Bar from bearing 
too heavily on the Pencils e and m, which will de- 
lineate the Paths of the Earth and Moon, as in 
Fig. 2d, already deſcribed at large, $ 266, 267. 
As the Index I points out the Days of the Months, 
the Index Fſhews the Moon's age on theſe Days, 
in the Circle of 293 equal parts. And as this }aſt 
Index points to the different Days in it's Circle, 
the like numeral Figures may be ſet to thoſe parts 
of the Curves. of the Earth's Path and Moon's, 
where the Pencils e and are at thoſe times re- 
ſpectively, to ſhew the places of the Earth and 
Moon. If the Pencil e be puſhed a very little off, 
as if from the Pencil n, to about 4+ part of their 
diſtance, and the Pencil yz puſhed as much towards 
e, to bring them to the ſame diſtances again, though _ 
not to the ſame points of ſpace; then, as goes 
round e, e will go as it were round the Center of 
Gravity between the Earth e and Moon m, 5 298: 
but this Motion will not ſenſibly alter the Figure 
of the Earth's Path or the Moon's, 
If a pin, as p, be put through the Pencil m, with 
it's head towards that of the Pin g in the Pencil e, 
it's head will always keep thereto as m goes round 
e, or as the ſame ſide of the Moon is ſtill obverted 
to the Earth. But the Pin p, which may be con- 
ſidered as an equatorial Diameter of the Moon 
will turn quite round the Point m, making all poſ- 
ſible Angles with the Line of it's Progreſs, or Line 
of the Moon's Path. This is an ocular proof of 
the Moon's turning round her Axis, 
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Prat. this Machine conſiſt of, 1. An eight - ſided Box, on 
PLATE the top of which at the corners is ſhewn the Phaſes 
2 of the Moon at the Octants, Quarters, and Full. 
a Within theſe 1s a Circle of 294 equal parts, which 
'are the days of the Moon's age accounted from the 
Syn at New Moon, round to the Sun again. With 1 
d this 
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this Circle 1s one of 24 hours divided into their re- 
ſpective Halves and Quarters. 2. A moving el- 
liptical Plate, painted blue, to repreſent the riſing 
of the Tides under and oppoſite to the Moon; 
and has the words, High Water, Tide falling, Low 


Water, Tide riſing, marked upon it. To one end 


of this Plate is fixed the Moon M by the Wire W, 
and goes along with it. 3. Above this elliptical 


Plate is a round one, with the points of the Com- 


aſs upon it, and alſo the names of above 200 places 
in the large Machine (but only 32 in the Figure, 
to avoid confuſion) ſet over thoſe Points on which 
the Moon bears when ſhe raiſes the Tides to the 
greateſt heights at theſe Places twice in every lunar 
day: and to the North and South Points of this 
Plate are fixed two Indexes I and K, which ſhew the 
times of High Water, in the Hour-Circle, at all 
theſe places. 4. Below the elliptical Plate are four 
ſmall Plates, two of which project out from below 
it's ends at New and Full Moon; and fo, by length- 
ening the Ellipſe, ſhew the Spring Tides, which 
are then raiſed to the greateſt heights by the united 
attractions of the Sun and Moon, & 302. The 
other two of theſe ſmall Plates appear at low water 
when the Moon is in her Quadratures, or at the 
ſides of the elliptic Plate, to ſhew the Neap-Tides; 
the. Sun and Moon then acting crols-wife to each 
other. When any two of theſe ſmall Plates appear, 

the other two are hid; and when the Moon is in 
her Octants, they all diſappear, there being neither 
Spring nor py Tides at thoſe times. Within 
the Box are a few Wheels for performing theſe 
Motions by the Handle or Winch H. 

Turn the Handle until the Moon M comes to 
any given day of her age in the Circle of 29% equal 
parts, and the Moon's Wire will cut the time 
of her coming to the Meridian on that day, in the 
Hoyr-Circle ; the XII under the Sun being Mid- 
day, and the oppoſite XII midnight: then looking 
for the name of any given place on the round Plate 


(which 


It's uſe; 
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(which makes 29% rotations whilſt the Moon N 
makes only one revolution from the Sun to the 


Sun again) turn the Handle till 2 place comes 


to the word High Maler under the Moon, and the 
Index which falls among the Forenoon Hours will 
ſhew the time of High Water at that place in the 
Forenoon. of the given day: then turn the, Plate 
half round, till the ſame place comes to the oppo- 
fire High- Water Mark, and the Index will ſhew 
the time of High Water in the Afternoon at. that 
place, And thus, as all the different places come 
ſucceſſively under and oppoſite to the Moon, the 


Indexes ſhew the times of High Water at them in 


both parts of the day : and when the ſame. places 
come to the Low- Water Marks, the Indexes Jhew 
the times of Low, Water. For about three, days 
before and after the times of New and Full Mon, 
the two imall Plates come out a little way from 
below the High-Water Marks on the, elliptical 
Plate, to ſhew that the Tides riſe (till higher about 
theſe times: and about the Quarters, the other two 
Plates come out a little from under the Low- 
Water Marks towards the Sun and on me oppoſite 


ſide, ſhewing that the Tides of Flood rilc not then 


The inſde 


work de- 


ſeribed. 


ſo high, nor do the 1 ides of Abb fall ſo low, as at 


other times, 
By pulling the Handle a little way outward, it 


is diſengaged from the Wheel- work, and then the 


upper Plate may be turned round quickly by hand 
ſo, as the Moon may be brought to any given day 
of her age in about a quarter of a minute: and by 
puſhing in the Handle, it takes hold of the Wheel- 
work again. 

On A B, the Axis of the Handle H, is an endleſs 
Screw C, which turns the Wheel FE D of 24 teeth 
round in 24 revolutions of the Handle: this Wheel 
turns another OMG of 48 teeth, and on it's Axis 
is the Pinion P Q of four leaves, which turns the 
Wheel L K I of 39 teeth round in 295 turnings or 


FOARIONR, of the Wheel FED, or in 708 revolu: 
tions 
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tions of the Handle, which is the number of Hours 
in a ſynodical revolution of the Moon. The round 
Plate with the names of Places upon it is fixed on 
the Axis of the Wheel FE D; and the Elliptical 
or Tide-Plate with the Moon fixed to it is upon 
the Axis of the Wheel L XI; conſequently, the 
former makes 29+ revolutions in the time that the 
latter makes one. The whole Wheel FE D, 
with the endleſs Screw C, and dotted part of the 
Axis of the Handle A B, together with the dotted 
part of the Wheel OM G, lie hid below the large 
Wheel L X I. bug 3 

Fig. IXth repreſents the under ſide of the Ellip- 
tical or Tide- Plate 4 h; c d, with the four ſmall Plates 


ABCD, EFG H, IX LM, VO upon it: each 


of which has two ſlits, as T'T, $8, & R, UU, ſliding 
on two Pins, as 2 n fixed in the elliptical Plate. 
In the four ſmall, Plates are fixed four Pins, at 
M, A, J, and E; all of which work in an elliptic 
Groove 9000 on the cover of the Box below the 
elliptical Plate; the longeſt Axis of this Groove 
being in a right line with the Sun and Full Moon. 
Conſequently, when the Moon is in Conjunction 
or Oppoſition, the Pins V and X thrult out the 
Plates AB CD and IK LM a little beyond the 
ends of the elliptic Plate at d and 5, to F and e; 
whilſt the Pins 7 and Z draw in the Plates EHC H 
and NO P quite under the elliptic Plate to g and 
b. But, when the Moon comes to her firlt or third 
Quarter, the elliptic Plate lies acroſs the fixed elliptic 
Groove in which the Pins work; and therefore the 
end Plates ABCD and IKL M are drawn in be- 
low the great Plate, and the other two Plates 


EFGH and VO are thruſt out beyond it to 


a and c. When the Moon is in her Octants, the 
Pins J, X. J, Z are in the parts 9, o, o, 0 of the 


elliptic Groove, which parts are at a mean between 


the greateſt and leaſt diſtances from the Center 4, 


and then all the four ſmall Plates diſappear below 


the great one. e i 
A 
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405. The EcLipsaRtEoNn. This Piece of Me. 
chaniſm exhibits the Time, Quantiry, Duration, 
and Progreſs of ſolar Eclipſes, at all Parts of the 
Earth. 

The principal parts of this Machine are, 1. A 
terreſtrial Globe A turned round it's Axis B by the 
Handle or Winch M; the Axis B inclines 23+ 
Degrees, and has an Index which goes round the 
Hour-Circle D in each rotation of the Globe. 2. 
A circular Plate E, on the Limb of which the 


* 


Months and Days of the year are inſerted. This 


Plate ſupports the Globe, and gives it's Axis the 
ſame poſition to the Sun, or to a Candle properly 
placed, that the Earth's Axis has to the Sun upon 
any day of the year, § 338, by turning the Plate 
till the given Day of the Month comes to the fixed 


Pointer, or Annual-Index G. 3. A crooked Wire 


F, which points toward the middle of the Earth's 


enlightened Diſc at all times, and ſhews to what 
place of the Earth the Sun is vertical at any given 
time. 4. A Penumbra, or thin circular Plate of 


braſs 7 divided into 12 Digits by 12 concentsic 


rizon C, dividing. the enlightened Hemiſphere of 


Circles, which repreſent a Section of the Moon's 
Penumbra, and is proportioned to the ſize of the 
Globe; ſo that the ſhadow of this Plate, formed 
by the Sun, or a Candle placed at a convenient diſ- 
tance, with it's Rays tranſmitted through a convex 
Lens to make them fall parallel on the Globe, 
covers exactly all thoſe places upon it that the 
Ai-on's Shadow and Penumbra do on the Earth: 
fo "at the Phenomena of any ſolar Eclipſe may be 
ſhe vn by this Machine with Candle-light almoſt as 
well as by the light of the Sun. 5. An upright 
frame HHH H, on the ſides of which are Scales 
of the Moon's Latitude or Declination from the 
Ecliptic. To theſe Scales are fitted two Sliders K 
and K, with Indexes for adjuſting the Penumbra's 
Center to the Moon's Latitude, as it is North or 
South Aſcending or Deſcending. 6. A ſolar Ho- 
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the Globe from that which is in the dark at any 
given time, and ſhewing at what places the general 
Eclipſe begins and ends with the riſing or ſetting 
Sun. 7. A Handle M, which turns the Globe 
round it's Axis by wheel-work, and at the ſame time 
moves the Penumbra acroſs the frame by threads 
over the Pulleys L, L, L, with a velocity duly pro- 

ortioned to that of the Moon's ſhadow over the 
Earth, as the Earth turns on it's Axis. And as 
the Moon's Motion is quicker or ſlower, according 
to her different diſtances from the Earth, the pe- 
numbral Motion is eaſily regulated in the Machine 
by changing one of the Pulleys. | 


To rettify the Machine for uſe. The true time of To reaity | 


New Moon and her Latitude being known by the“ 
foregoing Precepts, & 353, et ſeg. if her Latitude 
exceeds the number of minutes or diviſions on the 
Scales (which are on the ſide of the frame hid from 
view in the Figure of the Machine) there can be 

no Eclipſe of he Sun at that Conjunction; but if 
it does not, the Sun will be eclipſed to ſome places 
of the Earth; and, to ſhew the times and various 
appearances of the Eclipſe at thoſe places, proceed 
in order as follows. 

To rettify the Machine for performing by the Light 
of the Sun, 1. Move the Sliders X K till their In- 
dexes point to the Moon's Latitude on the Scales, 
as it is North or South Aſcending or Deſcending, at 
that time. 2. Turn the Month-Plate E till the 
day of the given New Moon comes to the Annual- 
Index G. 3. Unſcrew the Collar NM a little on the 
Axis of the Handle, to looſen the contiguous Socket 
on which the threads that move the Penumbra are 
wound; and ſet the Penumbra by Hand till it's 
Center comes to the perpendicular thread in the 
middle of the frame; which thread repreſents the 
Axis of the Ecliptic. 4. Turn the Handle till the 
Meridian of London on the Globe comes juſt under 
the point of the crooked Wire F; then ſtop, and 
turn the Hour- Circle D by Hand till XII at Noon 

comes 
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The EelfPsARONH deſetibed, 
comes to it's Index, and ſet, the Penumbra's middle 


to the thread. 5. Turn the Handle till the Hour- 


Index points to the time of New Moon in the Circle 
D; and holding it there, ſcrew faſt the Collar NM. 
Laſtly, elevate the Machine till the Sun ſhines 


through the Sight-Holes in the ſmall upright Plates 
O, O on the Pedeſtal; and the whole Machine will 


be rectified. 

To. rectiſy the Machine p ſhewing by Candle: light, 
Proceed in every reſpect as above, except in that 
part of the laſt paragraph where the Sun is men- 
tioned; inſtead of which place à Candle before the 
Machine; about four yards from it, ſo as the ſhadaw 


of Interſection of the croſs threads in the middle 
of the frame may fall preciſely on that part of the 


Globe to which the crooked Wire F points: then, 
with a pair of Compaſſes, take the diſtance be- 
tween the Penumbra's Center and Interſection of 
the threads; and equal to that diſtance ſet the Can- 
dle higher or lower, as the Penumbra's Center is 
above or below the ſaid Interſection. Laſtly, place 
a Jarge convex Lens between the Machine: and 
Candle, ſo as the Candle may be in the Focus of 
the Lens, and then the Rays will fall parallel, and 
caſt a ſtrong light on the Globe. 

Theſe things done, which may be ſooner than 


_ expreſſed, turn the Handle backward, until the 


Penumbra almoſt touches the ſide HF af the frame; 
then turning it gradually forward, obſerve the fol- 


lowing Phenomena. 1. Where the eaſtern edge of 


the Shadow of the penumbral Plate 7 firſt touches 
the Globe at the ſolar Horizon, thoſe who inhabit 


the correſponding part of the Earth ſee the Eclipſe 


begin on the uppermoſt edge of the Sun, juſt at 
the time of it's riſing. 2. In that place where the 


Penumbra's Center firſt touches the Globe, the in- 


babitants have the Sun riſing upon them centrally 


eclipſed. 3. When the wh ole Penumbra juſt falls 
upon the Globe, it's weſtern edge at the ſolar Ho- 
Tizon touches and leaves the place where the Eclipſe 


ends 
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ends at Sun-riſe on his lowermoſt edge. Continue 
turning, and 4. the croſs lines in the Center of the 
Penumbra will go over all thoſe places on the 
Globe where the Sun 1s centrally echpſed. 5, 
When the eaſtern edge of the Shadow touches any 
place of the Globe, the Eclipſe begins there; 
when the vertical line in the Penumbra comes to 
any place, then is the greateſt obſcuration at that 
place; and when the weſtern edge of the Penum- 
bra leaves the place, the eclipſe ends there; the 
times of all which are ſhewn on the Hour-Circle; ; 
and from the beginning to the end, the Shadows 
of the concentric penumbral Circles ſhew the num- 
bers of Digits eclipſed at all the intermediate times. 

6. When the eaſtern edge of the Penumbra leaves 
the Globe at the ſolar Horizon C, the inhabitants 


ſee the Sun beginning to be eclipſed on his lower- 


moſt edge at it's ſetting. 7. Where the Penumbra's 
Center leaves the Globe, the inhabitants ſee the Sun 
ſet centrally eclipſed. And laſtly, where the Pe- 


numbra is wholly departing from the Globe, the 


inhabitants ſee the Eclipſe ending on the upper- 
molt part of the Sun's edge, at the time of it's diſ- 
appearing in the Horizon. 


N. B. If any given day of the year on the Plate 
E be ſet to the Annual-Index G, and the Handle 
turned till the Meridian of any place comes under 
the point of the crooked Wire, and then the Hour- 
Circle D ſet by the hand till XII comes to it's 
Index; in turning the Globe round by the Handle, 
when the ſaid place touches the eaſtern edge of 
the Hoop or ſolar Horizon C, the Index ſhews the 
time of Sun-ſetting at that place; and when the 
place is juſt coming out from below the other edge 


of the Hoop C, the Index ſhews the time when 


the evening Twilight ends to it. When the place 
has gone through the dark part A, and comes 8 
ſo as to touch under the back of the Hoop C, o 
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the other ſide, the Index ſhews the time when the 
Morning Twilight begins; and when the ſame 
place is juſt coming out from below the edge of 
the Hoop next the frame, the Index points out 
the time of Sun-rifing. And thus, the times of 


Sun- riſing and ſetting are ſhewn at all places in one 


rotation of the Globe, for any given day of the 
year: and the point of the crooked Wire F ſhews 
all the places over which the wn yum vertically 
on ys | 9417 906 
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TheDISTANCES of all the PLANETS 
from the 8 UN, 
BY THE | 
TRANSIT of VENUS over the SU N'q 
DISC, in the Year 1761. 
5 To which is ſubjoined, : 
An Account of Mr. HORROXY's Obſervations of 
the TRANSIT of V ENUS in the Year 1639. 
AND ALSO, | 
Of the DISTANCES of all the PLANETS from the 
SUN, as deduced from OBSERVATIONS of the 
| TRANSIT in the Year 1761, 
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The DISTANCES of the PLANETS 
i from the S UN: 


CHAPTE K XXII, 
A RTI UE 1 
oy parallaxes, and their uſe in general. 


1. HE * approaching tranſit of Veniis over 
< the Sun has juſtly engaged the atten- 


tion of Aſtronomers; as it is a pheno- 
menon ſeldom ſeen; and as the parallaxes of the 
Sun and planets; and their diſtances from one ano- 
ther, may be found with greater accuracy by it, 
than by any other method yet known. 

2. The parallax of the Sun, Moon, or any planet; 
is the diſtance between it's true and apparent place 
in the heaven. The true place of any celeſtial ob- 
ject, referred to the ſtarry heaven, is that in which 
it would appear if ſeen from the center of the 
Earth; the apparent place, is that in which it ap- 
pears as ſeen from the Earth's ſurface. 

Too explain this, let AB DA be the Earth (Fig. 1. 
of Plate XIV.) C it's center, M the Moon, and 
ZAR an arc of the ftarry heaven. To an obſerver 
at C (ſuppoſing the Earth to be tranſparent) the 
Moon M will appear at U, which is her true place 


| *. The whole of this Diſſertation was publiſhed i in the begin- 
ving of the year 1761, before the time of the Tranſit, except 
the 7th and Sth Articles, which are added ſince that time. 
2 referred 


The Method of finding the Diſtances 
referred to the ſtarry firmament : but at the ſame 
inſtant, to an obſerver at A ſhe, will appear at 2, 
below her true place as among the ſtars. —The 
angle AMC is called the Moon's parallax, and is 
equal to the oppoſite angle U Mu, whoſe meaſure 
is the celeſtial arc Us.—The whole Earth is but a 
point if compared with it's diſtance from the fixed 
ſtars, and therefore we conſider the ſtars as having 
no parallax at all. Ca Fig 
3. The nearer the object i IS, to the horizon, the 
greater is it's parallax; the nearer it is to the ze- 
nith, the leſs. In the horizon it is greatelt of all, 
in the zenith it is nothing. Thus let AL t be the 
ſenſible horizon of an obſerver at A; to him the 
Moon at L is in the horizon, and her parallax is the 
angle A LC, under which the Earth's ſemidiameter 
AC appears as ſeen from her. This angle is called 
the Moon's horizontal parallax, and is equal to the 
oppoſite angle Lt, whoſe meaſure is the arc 7. 
in the ſtarry heaven. As the; Moon riſes higher 
and. higher to the. points M, N, O, P in her diur- 
nal courſe, the parallactic angles UM u, XN x, 
Y Oy. diminiſh, and ſo do the arcs Uu, Ax, Hy, 
which are their meaſures, until the Moon comes to 
P; and then ſhe appears in the zenith Z without 
any parallax, her place being the ſame as ſeen from 
Dy, 15 the Earth's ſurface, and from C it's center. 
If the obſerver at 4 could take the true mea- 
— or quantity of the parallactic angle A L. C, he 
might thereby find the Moon's diſtance from the 
center of the Earth. For then, in the plain tri- 
angle L AC, the fide AC, which is the Earth's 
ſemidiameter, the angle ALC, which is the Moon's 
horizontal -parallax, and the right angle CAL, 
would be given. Therefore, by trigonometry, As 
the tangent of the parallactic angle A LC is to ra- 
dius, ſo is. the Earth's ſemidiameter A C to the 
Moon's diſtance CL from the Earth's center C.— 
But becauſe we conſider the Earth's ſemidiameter as 


_ and che logarithm of unity is nothing, ſub- 
| | f tract 
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tract the logarithmic tangent of the angle 4 LC 
from radius, and the remainder will be the loga- 
rithm of CL, whoſe number is equal to the num- 
ber of ſemidiameters of the Earth by which the 
Moon is diſtant from the Earth's center, Thus 
ſuppoling the angle AL C of the Moon's horizon- 
tal parallax to be 37 18”, . | 
From the radius — — — 10. 0000000 


2 


Subtract the tangent of 37 18” 8. 2219207 


And there will remain — — 1. 778093; 
which is the logarith of 59.99, the number of ſe- 
midiameters of the Earth which are equal to the 
Moon's diſtance from the Earth's center. Then, 
59.99 being multiplied by 3985, the number of 
miles contained in the Earth's ſemidiameter, will 
give 239060 miles for the Moon's diſtance from 
the center of the Earth, by this parallax. 

g. But the true quantity of the Moon's horizon- 
tal parallax cannot be accurately determined by ob- 
ſerving the Moon in the horizon, on account of the 
inconſtancy of the horizontal refractions, which 
always vary according to the ſtate of the atmo- 
ſphere; and, at a mean rate, elevate the Moon's, 


apparent place near the horizon half as much more 
than as her parallax depreſſeth it. And therefore, 


to have her parallax more accurate,” Aſtronomers 
have thought of the following method, which ſeems 
to be a very good one, but hath not yet been put 
in practice. 5 


Let two obſervers be placed under the ſame 
meridian, one in the northern hemiſphere, and the 


other in the ſouthern, at ſuch a diſtance from each 
other, that the arc of the celeſtial meridian in- 
eluded between their two zeniths may be at leaſt 


80 or 90 degrees. Let each obſerver take the diſ- 


tance of the Moon's center from his zenith, by 


means of an exceeding good inſtrument, at the 


moment of her paſſing the meridian: add theſe 
two zenith-diſtances of the Moon together, and 
E -”\ "heir 
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their exceſs above the diſtance between the two 
zeniths will be the diſtance. between the two ap- 

parent places of the Moon. Then, as the ſum of 
the natural ſines of the two zenith-diſtances of the 
Moon is to radius, ſo is the diſtance between her 
two apparent places to her horizontal parallax : 


which being found, her diſtance from the Earth's 


center may be found by the analogy mentioned in 


Thus, in Fig. 2. let EC be the Earth, M the 


Moon, and Z 5 az an arc of the celeſtial meridian, 


Let “ be Vienna, whoſe latitude EY is 4820 north; 
and C the Cape of Good Hope, whoſe latitude E C is 

49 30 ſouth : both which latitudes we ſuppoſe to 
fe accurately determined before-hand by the ob- 
ſervers. As theſe two places are on the ſame me- 
ridian 2 E Cs, and in different hemiſpheres, the 
ſum of their latitudes 829 30 is their diſtance from 
each other. Z is the zenith of Vienna, and 2 the 
zenith of the Cape of Good Hope; which two zeniths 
are alſo 82 50” diſtant from each other, in the 
common celeſtial meridian Z z. To the obſerver 
at Vienna, the Moon's center will appear at à in 
the celeſtial meridian; and at the ſame inſtant, to 
the obſerver at the Cape, it will appear at 4, Now 
ſuppoſe the Moon's diſtance Z à from the zenith 
of Vienna to be 38? 1 53”; and her diſtance 2 5 
from the zenith of the Cape of Good Hope te be 469 
4 41”: the ſum of theſe two zenith-diſtances 
(Za+2b) is 849 & 34, from which ſubtra& 
822 50”, the diſtance Z z between the zeniths of 
theſe two places, and there will remain 1 16 34“ 
for the arc +a, or diſtance between the two appa- 
rent places of the Moon's center, as ſeen from Y and 
from C. Then, ſuppoſing the tabular radius to be 


10000000, the natural fine of 38917 53” (the arc 


Za) is 6160816, and the natural ſine of 469 4 
41” (the arc 2b) is 7202821: the ſum of both theſe 
lines 8 1 336363 1 Say ther efore, As 1 3 36 36 37 

Ms ; "4 


of the Planets from the Sun. 


is to TOO00000, ſo is 15 16 34”, to 57” 18”, which 
is the Moon's horizontal parallax. | 

If the two places of obſervation be not exactly 
under the ſame meridian, their difference of longi- 
tude muſt be accurately taken, that proper allow- 
ance may be made for the Moon's declination whilſt 
ſhe is paſſing from the meridian of the one to the 
meridian of the other. 

6. TheEarth's diameter, as ſeen from the Moon, 
ſubtends an angle of double the Moon's horizontal 
parallax; which being ſuppoſed (as above) to be 
57 18”, or 3438”, the Earth's diameter muſt be 
1% 54 36”, or 6876“. When the Moon's hori- 
zontal parallax (which is variable on account of 
the excentricity of her orbit) is 37 18”, her dia- 
meter ſubtends an angle 31 2”, or 1862”: there- 
fore, the Earth's diameter is to the Moon's diame- 
ter, as 6876 is to 1862 ; that is, as 3.69 is to 1. 

And ſince the relative bulks of ſpherical bodies 


are as the cubes of their diameters, the Earth's 


bulk is to the Moon's bulk, as 49.4 is to 1. 
7. The parallax, and conſequently the diſtance 
and bulk, of any primary planet, might be found 


in the above manner, if the planet was near enough 


to the Earth, fo as to make the difference of it's 
two apparent places ſufficiently ſenſible: but the 
neareſt planet is too remote for the accuracy re- 
quired. In order therefore to determine the diſ- 
tances and relative bulks of the planets with any 
tolerable degree of preciſion, we muſt have recourſe 
to a method leſs liable to error: and this, the ap- 
proaching tranſit of Venus over the Sun's diſc will 
afford us. 

8. From the time of any inferior conjunction of 
the Sun and Venus to the next, 13 583 days 22 
hours 7 minutes. And, if the plane of Venus's 
orbit were coincident with the plane of the ecliptic, 
| the would paſs directly between the Earth and the 
Sun at each inferior conjunction, and would then 


appear like a dark round ſpot on the Sun for about 


7 hours 
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7 hours and 3 quarters. But Venus's orbit (like 


the Moon's) only. interſects the ecliptic in two op- 
polite points, called it's Nodes. And therefore one 
half of it is on the north ſide of the ecliptic, and 
the other on the ſouth: on which account, Venus 


can never be ſeen on the Sun, but at thoſe inferior 


conjunctions which happen in or near the nodes of 
her orbit. At all the other conjunctions, ſhe ei- 
ther paſſes above or below the Sun; and her dark 


ſide being then towards the Earth, ſhe is inviſible. 


— The laſt time when this planer was ſeen like a 
ſpot on the Sun, was on the 24th of November Old 


Stile, in the year 1639. 
ARTICLE 1. 


Shewing bow. to find the horizontal parallax of Venus 


by. obſervation, and from thence, by analogy, the 


_ parallax and diſtance of the Sun, and of all the 


. Planets han Bim. 


9. In Fig. 4. of Plate XIV. let DB A be the 
Earth, Y Venus, and TSR the eaſtern limb of the 
Sun. To an obſerver at B, the point ? of that limb 


will be on the meridian, it's place referred to the 
heaven will be at E, and Venus will appear juſt 


within it at &. But, at the ſame inſtant, to an ob- 
ſerver at 4, Venus is eaſt of the Sun, in the right 
line AVF; the point # of the Sun's limb appears 


at e in the heaven, and if Venus were then viſible, 


ſhe would appear at F. The angle C/ 4 is the 


horizontal parallax of Venus, which we ſeek ; and 


is equal to the oppoſite angle FE, whoſe mea- 
ſure is the arc FE. ASC is the Sun's horizontal 
parallax, equal to the oppoſite angle e S E, whoſe 


_ meaſure is the arc e E: and # Ae (the ſame as 
Av) is Venus's horizontal parallaxfrom the Sun, 


which may be found by obſerving how much later 
in abſolute time her total ingreſs on the Sun is, as 


- ſeen from 4, than as ſeen from B, which is the 


time 
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time ſhe takes to move from / to v in her orbit 
OV v. 4 

10. It appears by the tables of Venus's motion 
and the Sun's, that at the time of her enſuing tran- 
fit, ſhe will moye 4 of a degree on the Sun's diſc 
in 60 minutes of time; and therefore ſhe will move 


4 of a degree in one minute of time. 


Now let us ſuppoſe, that A is goꝰ weſt of B, 
fo that when it is noon at B, it will be VI in the 
morning at 4; that the total ingreſs as ſeen from 
B is at 1 minute paſt XII. but that as ſeen from 4 
it is at 7 minutes 30 ſeconds paſt VI: deduct 6 
hours for the difference of meridians of A and B, and 
the remainder will be 6 minutes 30 ſeconds for the 
time by which the total ingreſs of Venus on the 
Sun at ö is later as ſeen from 4 than as ſeen from 
B: which time being converted into parts of a 
degree is 26”, or the arc Fe of Venus's horizontal 
parallax Sip the Sun: for, as 1 minute of time 
is to 4 ſeconds of a degree, fo is 6+ minutes of 
time to 26 ſeconds of a degree. 

11. The times in which the planets anne 
their annual revolutions about the Sun, are already 
known by obſervation.— From theſe times, and 
the univerſal power of gravity by which the pla- 
nets are retained in their orbits, it is demonſtrable, 
that if the Earth's mean diſtance from the Sun be 
divided into 100900 equal parts, Mercury's mean 
diſtance from the Sun muſt be equal to 38710, of 
theſe parts—Venus's mean diſtance irom the Sun, 
to 72333—Mars' s mean diſtance, 152369—Jupi- 
ter's 520096—and Saturn's, 954006. Therefore, 


when the number of miles contained in the mean 


diſtance of any planet from the Sun is known, we 
can, by theſe proportions, find the mean diſtance 


in miles of all the reſt. 
12. At the time of the enſuing tranſit, the 


Farth's diſtance from the Sun will be 101 5 (the 


mean diſtance being here conſidered as 1000) and 


Venus s diſtance from the Sun 88 be 726 (the 
mean 
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mean diſtance being conſidered as 723) which dif- 


ferences from the mean diſtances ariſe from the 
elliptical figure of the planets orbits—Subtract 
726 parts from 1015, and there will remain 289 
parts for Venus's diſtance from the Earth at that 
Tine. 

13. Now, ſince the horizontal parallaxes of the 
planets are * inverſely as their diſtances from the 
Earth's center, it is plain, that as Venus will be 
between the Earth and the Sun on the day of her 
tranſit, and conſequently her parallax will be then 
greater than the Sun's, if her horizontal parallax 
can be then aſcertained by obſervation, the Sun's 
horizontal parallax may be found, and conſe- 
quently his diſtance from the Earth. Thus, ſup- 

ſe Venus's horizontal parallax ſhould be found 


to be 367.3480; then, As the Sun's diſtance 1019 


is to Venus's diſtance 289, ſo is Venus's horizontal 
parallax 360. 3480 to the Sun's horizontal parallax 
100.3493 on the day of her tranſit. And the dif- 
ference of theſe two parallaxes, viz. 230.9987 
(which may be eſteemed 26”) will be the quantity 


of Venus's horizontal parallax from the Sun; 


which is one of the elements for projecting or de- 
lineating her tranſit over the Sun's diſc, as will 


appear further on. 


To find the Sun's horizontal parallax at the time 
of his mean'diſtance from the Earth, ſay, As 1000 
parts, the Sun's mean diſtance from the Earth's 


center, is to 1015, his diſtance therefrom on the 


To prove this, let $ be the Sun (Fig. 3.) / Venus, AB 
the Earth, C it's center, and C it's ſemidiameter. The angle 
AVC 1s the horizontal parallax of Venus, and 4S C the hori- 
zontal parallax of the Sun. But by the property of plain tri - 
angles, as the fine of 4 C (or of SY A it's ſuppliment to 
1809) is to the fine of ASC, ſo is 48 to AF, and fois C& 
toC/Y.—YN. B. In all angles leſs than a minute of a degree, 
the fines, tangents, and arcs, are ſo nearly equal, that they 


may without error be uſed for one another, And here we 


make uſe of Gardiner s logarithmic tables, becauſe they have 
the lines to every ſecond of a degree. | | 
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day of the tranſit, ſo is 100.3493, his horizontal 
arallax on that day, to 10”.5045, his horizontal 
parallax at the time of his mean diſtance from the 
Earch's center.. LE, | 
14. The Sun's parallax being thus (or any other 
way ſuppoſed to be) found, at the time of his mean 
diſtance from the Earth, we may find his true diſ- 
tance therefrom, in ſemidiameters of the Earth, by 


the following analogy. As the ſine (or tangent of 


ſo ſmall an arc as that) of the Sun's parallax 
100.5045 is to radius, ſo is unity or the Earth's 
ſemidiameter to the number of ſemidiameters of 
the Earth that the Sun is diſtant from it's center, 


which number, being multiplied by 3985, the 


number of miles contained in the Earth's ſemidi- 
ameter, will give the number of miles by which the 
Sun is diſtant from the Earth's center. 

Then, by F 11, As 1000co, the Earth's mean 


_ diftance from the Sun in parts, is to 38710, Mer- 


cury's mean diſtance from the Sun in parts, ſo is 
the Earth's mean diſtance from the Sun in miles to 
Mercury's mean diſtance from the Sun in miles. — 
And, DE 

As 100000 is to 72333, ſo is the Earth's mean 
diſtance from the Sun in miles to Venus's mean 
diſtance from the Sun in miles. —Likewile, 

AS 100000 is to 152369, ſo is the Earth's mean 
diſtance from the fun in miles to Mars's mean diſ- 
tance from the Sun in miles. —Again, | 
As 100000 is to 320096, fo is the Earth's mean 
diſtance from the Sun in miles to Jupiter's mean 
diſtance from the Sun in miles —Laftly, 


As 100000 is to 954006, fo is the Earth's mean 


diſtance from the Sun in miles to Saturn's mean 
diſtance from the Sun in mile. 

And thus, by having found the diſtance of any 
one of the planets from the Sun, we have ſufficient 
data for finding the diſtances of all the reſt.— And 
then, from their apparent diameters at theſe known 

GG © diſtances, 
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diſtances, ' their real dizmeters! I bulks rh be 
found. | 


Ang. The Runes Aa as * Ke the 
Sun, ſubtends an angle of double the Sun's hori- 


zontal parallax, at the time of the Earth's mean 
diſtance from the Sun: and the Sun's diameter, as 


ſeen from the Earth at that time, ſubtends an angle 
of 32 2“, or 1922“. Therefore, the Sun's diame- 


ter is to the Earth's diameter, as 1922 is to 21.— 
And ſince the relative bulks of ſpherical bodies 


are as the cubes of their diameters, the Sun's bulk 
is to the Earth's bulk, as 756058 is to 1; ſuppoſing 
the Sun's mean red en, to be 10%. go, 
as above. 5 

916. It is plain by Fi ig. 4. that whether Venus 
be at U or V, or in any other part of the right line 
BYS, it will make no difference in the time of her 


total ingreſs on the Sun at &, as ſeen from B; but 
as ſeen from Ait will. For, if Venus be at 7 her 
horizontal parallax from the Sun is the arc Fe, 


which meaſures the angle # Ae: but if ſhe be nearer 


the Earth, as at U, her horizontal parallax from the 


Sun is the arc Fe, which meaſures the angle fAe; 
and this angle is greater than the angle # Ae, by 
the difference of their meaſures FF. So that, as 
the diſtance of the celeſtial object from the Earth 
EO Ws it's parallax is the greater. 

To find the parallax of Venus by the above 
Wee it is neceſſary, 1. That the difference of 

meridians of the two 8 of obſervation be 90. 


22. That the time of Venus's total ingreſs on the 


Sun be when his eaſtern limb is either: on the me- 


ridian of one of the places, or very near it.— And, 


3. That each obſerver has his clock exactly regu- 
lated to the equal time at his place. But as it 
might perhaps be difficult to find two places on 
the Earth ſuited to the firſt and ſecond of theſe re- 


quilites, we ſhall ſhew how this important problem 
may be ſolved by a ſingle _— if he be exact 
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as to his longitude, and has his clock truly adjuſted 
to the equal time at his place. 

18. That part of Venus's orbit in which ſhe will 
move during her tranſit on the Sun, may be con- 


ſidered as a ſtraight line; and therefore, a plane 


may be conceived to paſs both through it and the 
Earth's center. To every place on the Earth's 
ſurface cut by this plane, Venus will be ſeen on 
the Sun in the ſame path thar ſhe would deſcribe 
as ſeen from the Earth's center: and therefore, ſhe 
will have no parallax of latitude, either north or 
ſouth; bur will have a greater or leſs parallax of 
longitude, as ſhe is more or leſs diſtant from the 
meridian, at any time during her tranſit. 

Matura, a town and fort on the ſouth coaſt of 
the iſland of Ceylon, will be in this plane at the 
time of Venus's total ingreſs on the Sun; and the 
Sun will then be 62 eaſt of the meridian of that 
place. Conſequently, to an obſerver at Matura, 
Venus will have a conſiderable parallax of longi- 
tude eaſtward from the Sun, when ſhe would ap- 
pear to touch the Sun's ealtern limb as ſeen from 
the Earth's center, at which the Aſtronomical tables 
ſuppoſe the obſerver to be placed, and give the 
times as ſeen from thence. 

19. According to theſe tables, Venus's total in- 
grels on tne Sun will be 50 minutes after VII in 
the morning, at Matura*, ſuppoſing that place to 
be 809 eaſt longitude from the meridian of London; ; 
which is the obſerver's buſineſs to determine. Let 
us imagine that he finds it to be exactly ſo, but 
that to him the total ingreſs is at VII hours 55 
minutes 46 ſeconds, which is 5 minutes 46 ſeconds 
later than the true calculated time of total ingreſs, 
as ſeen from the Earth's center. Then, as Venus's 


The time of total ingreſs at London, as ſeen from the 
Earth's center, is at zo minutes after II in the morning; and 
if Matura be juſt 80? (or 5 hours 20 minutes) eaſt of London, 
when it is 30 minutes paſt II in the morning at London, it 1 
50 minutes paſt VII at Matura. 

8 motion 
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motion on. (or towards, or from) the Sun 1s at the 
rate of 4 minutes of a degree in an hour (by F 10.) 
her motion muſt be 23”. 1 of a degree in 5 minutes 


46 ſeconds of time: and this 23.1 is her parallax 


eaſtward, from her total ingreſs as ſeen from Ma- 
tura, when her ingreſs would be total if leen from 
the Earth's center. 

20. At VII hours 50 minutes in the morning, 
the Sun is 62 from the meridian; at VI in the 
morning he is go? from it: therefore, as the ſine 
of 62 is to the ſine of 237.1 (which is Venus's 
parallax from her true place on the Sun at NIL 
hours 50 minutes) ſo is radius, or the fine of 90, to 
the ſine of 26”, which is Venus's horizontal paral- 
lax from the Sun at VI. In logarithms thus: 


| As the E fine of 62® Pp: — — eo 
Is to the logarithmic ſine of 23”%.1 - - - 6,0481510 
So is the logarithmic radius - - - - - = 10.0000000 


- 70 ann fine of 26” very 0 6. 1002221 


Divide the Sun's: diſtance from the Earth, 101 55 
by his diſtance from Venus 726 ($ 12.) and the 
quotient will be 1.3980; which being multiplied 
by Venus's horizontal parallax from the Sun 26“. 
will give 367.3480 for her horizontal parallax as 
ſeen from the Earth at that time. —Then (by F 13.) 


As the Sun's diſtance 1015 is to Venus's diſtance - 


289, ſo is Venus's horizontal parallax 360.3 480 to 
the Sun's horizontal parallax 10“. 3493.— If Ve- 
nus's horizontal parallax from the Sun is found 


by obſervation to be greater or leſs than 26”, the 


Sun's horizontal parallax mult be greater or leſs 


than 107.3493 accordingly. 


21. And thus, by a ſingle obſervation, the pa- 
rallax of Venus, and conſequently the parallax of 
the Sun, might be found, if we were ſure that the 
Aſtronomical tables were quite correct as to the 


time of Venus's total ingreſs on the Sun. But 


although the tables may be Iafely depended upon 
for 
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for ſhewing the true duration of the tranſit, which . 


) will not be. quite 6 hours from the time of Venus's - | { 
i total ingreſs on the Sun's eaſtern limb, to the be- | 
"0 ginning of her egreſs from his weſtern; yet they 


may perhaps not give the true times of theſe two - 1 
internal contacts: like a good common clock, | i 


A which though it may be truſted to for meaſuring a 1 
, few hours of time, yet perhaps it may not be ' 
n quite adjuſted to the meridian of the place, and 
2 conſequently not true as to any one hour; which | 
x every one knows is generally the caſe.— Therefore, | 
1 to make ſure work, the obſerver ought to watch 
fa both the moment of Venus's total ingreſs on the Þ} 
1 Sun, and her beginning of egreſs from him, ſo as = 
to note preciſely the time between theſe two in- | 
ſtants, by means of a good clock : and by com- f 
0 paring the interval at his place with. the true cal- | 
0 culated interval as ſeen from the Earth's center, | 
fo which will be 5 hours 58 minutes, he may find [ 
"1 the parallax of Venus from the Sun both at her | 
total ingreſs and beginning of egreſs. mW 
| 22, The manner of obſerving the tranſit ſhould 5 
. be as follows. — The obſerver being provided with 1 
of a good teleſcope, and a pendulum. clock well ad- , 
” juſted to the mean diurnal revolution of the Sun, 
bs and as near 'Þ the time at his place as conveniently 
) may be; and having an aſſiſtant. to watch the clock | 
> NM at the proper times, he muſt begin to obſerve the | 
15 Sun's eaſtern limb through his teleſcope, twenty | 
"| minutes at leaſt before the computed time of Venus's 8 ; 
d total ingreſs upon it, leſt there ſhould be an error in ö 
"uh the time thereof, as given by the tables. 
When he perceives a dent (as it were) to be g 
| made in the Sun's limb by the interpoſition of the [ 
hi dark body of Venus, he muſt then continue to 


of watch her thyough the teleſcope as the dent in- 
creaſes ; and is aſſiſtant muſt watch the time ſhewn | 


8 by the clock, till the whole body of the planet 
hs appears juſt within the Sun's limb : and the mo- 
3 ment When the bright limb of the Sun appears 
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cloſe by the eaſt fide of the dark limb of the pla- 
net, the obſerver, having a little hammer in his 
hand, is to ſtrike a blow therewith on the table or 
wall; the moment of which, the aſſiſtant notes by 
the clock, and writes it down. | 5 
Then, let the planet paſs on for about 2 hours 
59 minutes, in which time it will be got to the 
middle of it's apparent path on the Sun, and con- 
ſequently will then be at it's leaſt apparent diſ- 
tance from the Sun's center; at which time, the 
obſerver muſt take it's diſtance from the Sun's cen- 
ter, by means of a good micrometer, in order to 
aſcertain it's true latitude or dechnation from the 
ecliptic, and thereby find the places of it's nodes. 
This done, there 1s but little occaſion to obſerve 
it any longer, until it comes ſo near the Sun's 
weſtern limb, as almoſt to touch it. Then the 
obſerver muſt watch the planet carefully with his 
teleſcope; and his aſſiſtant muſt watch the clock, 
ſo as to note the preciſe moment of the planet's 
touching the Sun's limb, which the aſſiſtant knows 
by the obſerver's ſtriking a blow with his hammer, 


23. The aſſiſtant muſt be very careful in ob- 
ſerving what minute on, the Dial-Plate the minute- 
hand has paſt, when he has obſerved the ſecond- 


hand at the inſtant the blow was ſtruck by the 
hammer : otherwiſe, though he be right as to 
the number of ſeconds of the current minute, he 
may be apt to make a miſtake in the number of 
minutes. e e EO ON 1 

24. To thoſe places where the tranſit begins be- 
fore XII. at noon, and ends after it, Venus will 


have an eaſtern parallax from the Sun at the be- 


ginning, and a weſtern parallax from the Sun at 


the end; which will contract the duration of the 


tranſit, by cauſing it to begin later, and end ſooner 
at theſe places, than it does as ſeen from the Earth's 


center; which may be explained in the following 
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10 Fig. 5. of Plate XIV. let BMA be the Earth, 
LV Venus, and & the Sun. The Earth's motion on 
it's axis from weſt to eaſt, or in the direction 


AMB, carries an obſerver on that ſide contrary 
to the motion of Venus in her orbit, which is in 


the direction VVV, and will therefore cauſe: her 


motion to appear quicker on the Sun's diſc, than 


it would appear to an obſerver placed at the Earth's 
center C, or at either of it's poles. For, if Venus 
were to ſtand ſtill in her orbit at for twelve hours, 


the obſerver on the Earth's ſurface would in that 


time be carried from A to h, through the arc 
AMB. When he was at 4, he would ſee Venus 
on the Sun as K; when at M, he would ſee her at 
S; and when he was at B, he would ſee her at T. 

ſo that his own motion would cauſe the planet to 
appear in motion on the Sun through the line 
R ST which being in the direction of her appa- 


rent motion on the Sun as ſhe moves in her orbit 


UW, her motion will be accelerated on the Sun 
to this obſerver; juſt as much as his own motion 
would ſhift her apparent place on the. Sun, if ſhe 
were at reſt in her orbit at J. | 

But as the whole duration of the tranſit, from 
firſt to laſt internal contact, will not be quite ſix 
hours; an obſerver, who Ras the Sun on his meri - 
dian at the middle of the tranſit, will be carried 
only from à to & during the whole time thereof, 
And therefore, the duration will be much leſs con- 


tracted by his own motion, than if the planet were 


to be twelve hours in paſſing over the Sun, as s ſeen 
from the Earth's center. 

23. The nearer Venus is to tlie Earth, che greater 
is her parallax, and the more will the true duration 
of her tranſit be contracted thereby; the farther 


he is from the Earth, the contrary ; fo that the 


contraction will be in direct proportion to the pa- 
rallax. Therefore, by obſerving, at proper places, 
how much the duration of the tranſit is leſs than 


it's true duration at the Eatth's center, where it is 
F * 2 i 
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5 hours 58 minutes, as given by the Aſtronomical 
tables, the parallax of Venus will be aſcertained. 
26. The above method (5 17, & /eg.) is much 
the ſame as was preſcribed long ago by Doctor 
HaLLEy, but the calculations differ conſiderably 
from his; as will appear in the next article, which 
contains a tranſlation of the Doctor's whole diſſer- 


tation on that ſubject. He had not computed his 


own tables when he wrote it, nor had he time 


before-hand to make a ſufficient number of obſer- * 


vations on the motion of Venus, ſo as to deter- 
mine whether the nodes of her orbit are at reſt or 
no; and was therefore obliged to truſt to other 
tables, which are now found to be erroneous. 


AB TIC LK MI, 


Containing Doctor Harirty's Diſſertation on the mo- 

bod of finding the Sun's parallax and diſtance from 
the Earth, by the tranſit of Venus over the Sun's 

Diſc, June the 6th, 1761. Tranſlated from the 
Latin in Motte's Abridgment of the Philoſophical 
Tranſactions, Vol. J. page 243 ; with additional 
Aol es. TIP SOT £7 


| There are many things exceedingly paradoxical, 
and that ſeem quite incredible to the illiterate, 
which yet by means of mathematical principles 
may be eaſily ſolved. Scarce any problem will ap- 
pear more hard and difficult, than that of deter- 
mining the diſtance of the Sun from the Earth 


very near the truth: but even this, when we are 


made acquainted with ſome exact obſervations, 
taken at places fixed upon, and choſen befare- 
hand, will without much labour be effected. And 
this is what I am now deſirous to lay before this 
illuſtrious Society“ (which I foretell will continue 
for ages) that I may explain before-hand to young 
Aſtronomers, who may perhaps live to obſerve 
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of the Planets from the Sun; 


theſe things, the method whereby the immenſe diſ- 
tance of the Sun may be truly obtained, to within 


a five hundredth part of what it really is. | 
It is well known that the diſtance of the Sun 


from the Earth is by different Aſtronomers ſup- 
poſed different, according to what was judged moſt 
probable from the beſt conjecture that each could 
form. Ptolemy and his followers, as alſo Copernicus 
and Tycho Brahe, thought it to be 1200 ſemidia- 
meters of the Earth : Kepler 3500 nearly; Ricciolus 
doubles the diſtance mentioned by Kepler, and He- 
velius only increaſes it by one half. But the pla- 
nets Venus and Mercury having, by the aſſiſtance 
of the teleſcope, been ſeen in the diſc of the Sun, 
deprived of their borrowed brightneſs, it is at length 
found that the apparent diameter of the planets 
are much leſs than they were formerly ſuppoſed; 
and that the ſemidiameter of Venus ſeen from the 
Sun ſubtends no more than a fourth part of a 
minute, or fifteen ſeconds, whilſt the ſemidiameter 
of Mercury, at it's mean diſtance from the Sun, 


is ſeen under an angle only of ten ſeconds; that 


the ſemidiameter of Saturn ſeen from the Sun, 
appears under the ſame angle; and that the 
ſemidiameter of Jupiter, the largeſt of all the 


planets, ſubtends an angle of no more than a third 


part of a minute at the Sun, Whence, keeping 
the proportion, ſome modern Aſtronomers have 
thought, that the ſemidiameter of the Earth, ſeen 
from the Sun, would ſubtend a mean angle between 
that larger one ſubtended by Jupiter, and that 
ſmaller one ſubtended by Saturn and Mercury ; 
and equal to that ſubtended by Venus, (namely, 
fifteen ſeconds :) and have thence concluded, that 
the Sun is diſtant from the Earth almoſt 14000 of 
the Earth's ſemidiameters. But the ſame authors 
have on another account ſomewhat. increaſed this 
diſtance : for, inaſmuch as the Moon's diameter 1s 


a little more than a fourth part of the diameter of 


the Earth, if the Sun's parallax ſhould be ſuppoſed 
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fifteen ſeconds, i it would follow, that the body of the 
Moon is larger than that of Mercury; that is, that 
a ſecondary planet would, be greater than a prima- 
ry, which would ſeem inconſiſtent with the uni- 
formity. of the mundane;ſyſtem. And on the con- 
trary, the ſame regularity. and uniformity ſeems 
ſcarcely to admit, that Venus, an inferior planet, 


that has no latellite, ſhould be greater than our 


Earth, which ſtands higher in the ſyſtem, and has 
ſuch a ſplendid attendant. Therefore, to. obſerve 
a mean, let us ſuppoſe the ſemidiameter of the 
Earth ſeen from the Sun, or, which is the ſame 
thing, the Sun's horizontal parallax, to be twelve 
ſeconds and a half; according fo which, the Moon 
will be leſs than Mercury, — the Earth larger 
than Venus; and the Sun's diſtance from the Earth 
will come out nearly 16500 of the Earth's ſemi- 
diameters. This diſtance I aſſent to at preſent, as 


the true one, till it ſhall become certain what it is, 


by. the Experiment which 1 propoſe. Nor am 1 
induced. to alter my opinion by the authority of 
thoſe (however weighty. it may be) who are for 
lacing the Sun at an immenſe diſtance beyond the 
ka here aſſigned, relying on obſervations made 
upon the vibrations. of a. pendulum, in order to 
determine thoſe exceęding ſmall angles; but which, 
as it ſeems, are not ſafficient to be Gepended upon : 
at leaſt, by this method of inveſtigating the paral- 
lax, it will come out ſometimes nathing, or even 
negative ; that is, the diſtance would either become 


infinite, or greater than infinite; which 1 is abſurd. 


And indeed, to confeſs the truth, it is hardly poſ- 
ſible for a man to diſtinguiſh, with any degree of 
certainty, ſeconds, or even ten ſeconds, with inſtru 
ments, let them be ever ſo ſkilfully made : there: 
fore, it is not at all to be wondered at, that the 
exceſſive nicety of this matter has eluded the many 
and ingenious endeavours of ſuch ſkilful operators. 
About forty years ago, whilſt I was in the iſland 
of 1 e obſerving the ſtars about the * 
* 
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greateſt diligence, Mercury paſſing over the diſc 


of the Sun; and (which ſucceeded better than TI 


could have hoped for) 1 obſerved, with the greateſt 


degree of accuracy, by means of a teleſcope 24 


feet long, the very moment when Mercury enter- 
ing upon the Sun ſecmed to touch it's limb within, 
and alſo the moment when going off it ſtruck the 
limb of the Sun's diſc, forming the angle of interior 
contact: whence | found the interval of time, dur- 
ing which Mercury then appeared within the Sun's 
diſc, even without an error of one ſecond of time. 
For the lucid line intercepted between the dark 
limb of the planet and the bright limb of the Sun, 
although exceeding fine, is ſeen by the eye; and 


the little cent made in the Sun's imb, by Mer- 


cury's entering the diſc, appears to vaniſh in a 
moment; and alſo that made by Mercury, when 
| Fons the diſc, ſcems to begin in an inſtant. When 
1 perceived this, it immediately came into my mind, 
that the Sun's parallax might be accurately deter- 


D 


mined by ſuch kind of obſervations as theſe; pro- 
vided Mercury were but nearer to the Earth, and 
had a greater Fu; from the Sun: but the dif- 


ference of theſe parallaxes is fo little, as always to 
be leſs than the ſolar parallax which we ſeek ; and 


therefore Mercury, though frequently to be ſeen on 


the Sun, is not to be looked upon as fit for our pur- 
ole. 
F There remains then the tranſit of Venus over 
the Sun's diſc; whoſe parallax, being almoſt four 
times as great as the ſolar parallax, will cauſe very 
ſenſible differences between the times in which 
Venus will ſeem to be paſſing over the Sun at dif- 
ferent parts of the Earth. And from theſe differ- 
ences, if they be obſerved as they ought, the 
Sun's parallax may be determined even to a ſmall 
part of a ſecond. Nor do we require any other 
inſtruments for this purpoſe, than common tele- 


ſcopes and clocks, only good of their kind; and 


in the obſeryers, nothing more is needful than fide- 
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pole, I had an opportunity of obſerving, with the 
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lity, diligence, and a moderate {kill in Aftronomy. 
For there is no need that the latitude of the place 
ſhould be ſcrupulouſly obſerved, nor that the hours 
themſelves ſhould be accurately determined with 
reſpe& to the meridiM : it is ſufficient that the 
clocks be regulated according to the motion of 
the heavens, if the times be well reckoned from 
the total ingreſs of Venus into the Sun's diſc, to 
the beginning of her egreſs from it; that is, when 


the dark globe of Venus firſt begins to touch the 


bright limb of the Sun within; which moments, 

I know by my own experience, may be obſerved 
within a ſecond of time. 

But on account of the very ſtrict laws by which 
the motions of the planets are regulated, Venus is 
{ſeldom ſeen within the Sun's diſc: and during the 
courſe of more than 120 years, it could not be 
ſeen once; namely, from the year 1639 (when this 
moſt pleaſing ſight happened to that excellent 
youth 7orrox our countryman, and to him only, 
ſince the creation) to the year 1761; in which 
year, according to the theories which we have 
hitherto found agreeable to the celeſtial motions, 
Venus will again paſs over the Sun on the“ 26th 
of May, in the morning; fo that at London, about 
fix o'clock in the morning, we may expect to ſee 
it near the middle of the Sun's diſc, and not above 
four minutes of a degree ſouth of the Sun's center. 
But the duration of this tranſit will be almoſt eight 
hours; namely, from two o'clock in the morning 
till almoſt ten. Hence the ingreſs will not be 
viſible ; in England; but as the Sun will at that 
time be in the 16th degree of Gemini, having al- 
moſt 23 degrees north declination, it will be ſeen 
without ſetting at all in almoſt all parts of the 
north frigid zone: and therefore the inhabitants 
of the coaſt of Norway, beyond the city of Nidre/ia, 
which is called Drontbeim, as far as the North 
Cape, will be able to obſerve Venus entering the 


® The fixth of June according to the New Stile. 
Sun's 
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Sun's diſc; and perhaps the ingreſs of Venus upon 


the Sun, when riſing, will be ſeen by the Scotch, in 
the northern parts of the kingdom, and by the 
inhabitants of the Shelland Iles, formerly called 
Thule. But at the time when Venus will be neareſt 


the Sun's center, the Sun will be vertical to the 


northern ſhores of the bay of Bengal, or rather over 
the kingdom of Peg; and therefore, in the adja- 
cent regions, as the Sun, when Venus enters his 
diſc, will be almoſt four hours toward the eaſt, and 
as many to the weſt when ſhe leaves him, the 


apparent motion of Venus on the Sun will be acce- 


lerated by almoſt double the horizontal parallax of 


Venus from the Sun ; ; becauſe Venus at that time 


is carried with a retrograde motion from eaſt to 
weſt, whilſt an eye placed upon the Earth's ſurface 
is whirled the contrary Way, from welt to eaſt *®, 

Suppoſ ng 


* This has been already taken notice of In $ 24; but I 
ſhall here endeavour to explain it more at large, together with 
ſome of the following part of the Doctor's Eſſay, by a figure. 

In Fig. 1, of Plate XV. let C be the center of the Earth, and 
Z the center of the Sun. In the right line CvZ, make » Z 
fo CZ as 726 is to 1015 (5 12. ) Let acbd be the Earth, 
v Venus's place in her orbit at the time of her conjunction with 
the Sun; and let TSU be the Sun, whoſe diameter is 31 42. 
The motion of Venus in her orbit is in the direction Nn, 
and the Earth's motion on it's axis is according to the order 
of the 24 hours placed around it in the figure. I herefore, ſup- 
poſing the mouth of the Ganges to be at G, when Venus is at 
E in her orbit, and to be carried from G to g by the Earth's 
motion on it's axis, whilſt Venus moves from E to e in her 
orbit; it is plain, that the motions of Venus and the Ganges 
are contrary to each other. 

The true motion of Venus in her orbit, and conſequently 
the ſpace ſhe ſeems to run over on the Sun's diſe in any given 
time, could be ſeen only from the Earth's center C, which is 
at reſt with reſpect to it's ſurface. "And as ſeen from C, her 
path on the Sun would be in the right line 27 U; and her 
motion therein at the rate of four minutes of a degree i in an 
hour. This the point of the Sun's eaſtern limb which Venus 
ſeems to touch at the moment of her total ingreſs on the Sun, 
as ſeen from C, when Venus is at E in her orbit; and U is 
the point of the Sun's weſtern limb which ſhe ſeems to touch 
at the moment of her beginning of egreſs from the Sun, as 
{cen from C. when ſhe 1 is at e in her orbit. 


When 
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8 Suppoſing the Sun's parallax (as we have faid) 
to be 122, the parallax of Venus will be 43"; 
from which ſubtracting the parallax of the Sun, 


there will remain 20“ at leaſt for the horizontal 


parallax of Venus from the Sun; and therefore the 
motion of Venus will be increaſed 45 at leaſt hy 


that parallax, whilſt ſhe paſſes over the Sun's diſc, 
in thoſe elevations of the pole which are in places 
near the tropie, and yet more in the neighbour- 
hood of the equator. Now, Venus at that time 
will move on the Sun's diſc, very nearly at the 
rate of four minutes of a degree in an hour; and 
therefore 11 minutes of time at leaſt are to be 
allowed for 45”, or three-fourths of a minute of 

f | 25 a degree; 


When the mouth of the Ganges is atm (in revolving through 


thearcGmg) the Sun is on it's meridian. Therefore, ſince 
G and g are equally diſtant from z at the beginning and end- 


ing of the tranſit, it is plain that the Sun will be as far eaſt 


of the meridia" of the Ganges (at G) when the tranſit beging, 
as it will be weſt of the meridian of the ſame place (revolved 


from G to g/ when the tranſit ends. | 
But although the beginning of the tranſit, - or rather the 


moment of Venus's total ingreſs upon the Sun at 7, as ſeen 


> bl 
from the Earth's center, muſt be when Venus is at E in her 


orbit, becauſe ſhe is then ſeen in the direction of the right 
line CET ; yet, at the ſame inſtant of time, as ſeen from the 
Ganges at G, ſhe will be ſhort of her ingreſs on the Sun, being 
then ſeen eaſtward of him, in the right line SS. RA, which 


makes the angle K ET, (equal to the oppoſitz angle GE C 


with the right line CET. This angle is called the angle of 
Venus's parallax from the Sun, which retards the beginning 
of the tranſit as ſeen from the banks of the Ganges ; ſo that 
the Ganges G, muſt advance a little farther toward mz, and 
Venus muſt move on in her orbit from # to R, before ſhe can 


be ſeen from C (in the right line GR ) wholly within the 


Sun's diſc at T. 


When Venus comes to e in her orbit, ſhe will appear at U, 
as ſeen from the Earth's center C, juſt beginning to leave he 
Sun; that is, at the be 1nning of her egreſs from his weſtern 
limb: bat at the ſame 1nftant of time, as ſeen from the Ganges, 
which is then at g, ſhe will be quite clear of the Sun toward 


the weſt; being then ſeen {rom g in the right line ge L, which 


makes an angle, as Ce L (equal to the oppoſite angle C eg 
with the right line Ce U. and this is the angle of 4 
| parallax 
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a degree; and by this ſpace of time, the duration 
of this eclipſe cauſed by Venus will, on account 
of the parallax, be ſhortened. And from this 
ſhortening of the time only, we might ſafely enough 
draw a concluſion concerning the parallax which 
we are in ſearch of, provided the diameter of the 
Sun, and the latitude of Venus, were accurately 
known. But we cannot expect an exact compu- 
tation in a matter of ſuch ſubtility. | 

We mult endeavour therefore to obtain, if poſ- 
ſible, another obſervation, to be taken in thoſe 
places where Venus will be in the middle of the 
Sun's diſc at midnight; that 1s, 1n places under 
the oppolite meridian to the former, or about 6 
hours or go degrees weſt of London; and where 
Venus enters upon the Sun a little before it's ſet- 


parallax from the Sun as ſeen from the Ganges at g, when ſhe 
15 but juſt beginning to leave the Sun at U, as ſeen from the 
arth's center C. X | 
Here it is plain, that the duration of the tranſit about the 
mouth of the Ganges (and alſo in the neighbouring places) 
will be diminiſhed by about double the quantity of Venus's 
aralla from the Sun at the beginning and ending ofthe tranſit, 
For Venus muſt he at E in her orbit when ſhe is wholly upon 
the Sun at 7, as ſeen from the Earth's center C,: but at that 
time ſhe is ſhort of the Sun as ſeen from the Ganges at G, by 
the whole quantity of her eaſtern parallax from the Sun at that 
time which is the angle XET. | his angle, in fact, is only 
23”; though it is repreſented much larger in the figure, be- 
cauſe the Earth therein is a vaſt deal too big.] Now, as 
Venus moves at the rate of 4 in an hour, ſhe will move 23” 
in 5 minutes 45 ſeconds: and, therefore, the tranfit will be g 
-min. 45 ſeconds later of 8 the banks of the Ganges 
than at the Earth's center. When the tranſit is ending at 
U, as ſeen from the Earth's center C, Venus will be quite clear 
of the Sun (by the whole quantity of her weſtern parallax 
from him) as 2 from the Canges, which is then at ge and 
this parallax will be 22”, equal to the ſpace through which 
Venus moyes in 5 minutes 30 ſeconds of time: ſo that the 
_ tranſit will end 51 minutes ſooner as ſeen from the Ganges, 
than as ſeen from the Earth's center. | 
Hence. the whole contraction of the duration of the trahſit 
at the mouth of the Ganges will be 11 minutes 15 ſeconds of 
time: for it is 5 minutes 45 ſeconds at the beginning, and 5 


minutes 30 ſeconds at the end, — 
15 ting, 


The Methed of finding the Diſtances 


tings, and goes off a little after it's riſing. And 
this will happen under the above-mentioned meri- 
dian, and where the elevation of the north pole is 
about 56 degrees; that is, in a part of Hudſon's 
Bay, near a place called Pert-Nelfon. F or, in this 
and the adjacent places, the parallax of Venus will 
increaſe the duration of the tranſit by at leaſt ſix 
minutes of time; becauſe, whilſt the Sun, from 
it's ſetting to it's riſing, ſeems to paſs under the 
pole, thoſe places on the Earth's diſc will be car- 
ried with a motion from eaſt to weſt, contrary to 
the motion of the Ganges; that is, with a motion 
conſpiring with the motion of Venus; and there- 
fore Venus will ſeem to move more ſlowly on the 

Sun, and to be longer in paſſing over his diſc x. 
| | O | 12 


* In Fig. I. of Plate XV. let aC be the meridian of the 
eaſtern month of the Ganges; and & C the meridian of Port- 
Nelfor at the mouth of York-River in Hudſon's Bay, 56 north 
latitude, As the meridian of the Ganges revolves from à to c, 
the meridian of Port-Nelfon will revolve from 5 to 4. there- 
fore, whilſt the Ganges revolves from G to g, through the arc 
Em g, Purt-Neljon revolves the contrary way (as ſeen from the 
Sun or Venus) from P to p through the are P » p,——Now, 
as the motion of Venus is from E to ein her orbit, while ſhe 
ſeems to paſs over the Sun's diſc in the right line 77 U, as ſeen 
from the Earth's center C, it is plain, that whilſt the motion 
of the Ganges is contrary to the motion of Venus in her orbit, 
and thereby thortens the duration of the tranſit at that place, 
the motion of Por?-Nel/o is the ſame way as the motion of 
Venus, and will therefore increaſe the duration of the tranſit: 
which may in ſome degree be illuſtrated by ſuppoſing, that 
whilſt a ſhip is under ſail, if two birds fly along the fide of 
the ſhip-in contrary directions to each other, the bird which 
flies contrary to the motion of the ſhip will paſs by it ſooner 
than the bird will, which flies the ſame way that the ſhip 
moves. 

In fine, it is plain by the figure, that the duration of the 
tranſit mult be longer as ſeen from Port- Nelſin, than as ſeen 
from the Earth's center; and longer as ſeen from the Earth's 
center, than as ſeen from the mouth of the Ganges.——For 
Port- Nelſen muſt be at P, and Venus at M in her orbit, when 
ſhe appears wholly within the Sun at 7: and the ſame place 
muſt be at 2, and Venus at 2, when ſhe appears at U, begin- 
ning to leave the Sun. — The Ganges mult be at G, and Venus 
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If therefore it ſhould happen that this tranſit ; 


ſhould be properly obſerved by ſkilful perſons. at 
both theſe places, it is clear, that the duration 


thereof will be 17 minutes longer, as ſeen from 


Port-Nelſon, than as ſeen from the Eaſt- Indies. Nor 
is it of much conſequence (if the Eugliſb ſhall at 
that time give any attention to this affair) whether 
the obſervation be made at Fert-George, commonly 
called Madras, or at Bencoolen on the weſtern ſhore 
of the iſland of Sumatra, near the equator. Bur if 
the French ſhall be diſpoſed to take any pains here- 
in, an obſerver may ſtation himſelf. conveniently 
enough at Pondicherry on the weſt ſhore of the bay 
of Bengal, where the altitude of the pole is about 
12 degrees. As to the Dutch, their celebrated 
mart at Batatia will afford them a place of obſer- 
vation fit enough for this purpoſe, provided they 
alſo have but a diſpoſition to aſſiſt in advancing, in 
this particular, the knowledge of the heavens.— 


And indeed I could wiſh that many obſervations 


of the ſame phenomenon might be taken by dif- 
ferent perſons at ſeveral places, both that we might 
arrive at a greater degree of certainty by their 


agreement, and alſo leſt any ſingle obſerver ſnould 


be deprived, by the intervention of clouds, of a 
ſight, which I know not whether any man living 
in this or the next age will ever ſee again; and on 
which depends the certain and adequate ſolution of 
a problem the moſt noble, and at any other time 


not to be attained to. I recommend it, therefore, 


again and again, to thoſe curious Aſtronomers, 
who (when I am dead) will have an opportunity 
of obſerving theſe things, that they would remem- 


at R, when ſhe is ſeen from & upon the Sun at 7; and the 
fame place muſt be at g, and Venus at r, when ſhe begins to 


leave the Sun at U, as ſeen fromg, So that Venus muſt move 


from & to u in her orbit, whilſt ſhe is ſeen to paſs over the Sun 
from Port- Nelſon; from E toe in paſſing over the Sun, as ſeen 
from the Earth's center; and only from & to - whilſt ſhe 
paſſes over the Sun, as ſeen from the banks of the Ganges. 
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ber this my admonition, and diligently apply theth- 
ſelves with all their might to the making this obſer- 
vation; and I earneſtly with them all imaginable 
fucceſs; in the firſt place that they may not, by the 
unſeaſonable obſcurity of a cloudy ky, be deprived 
of this moſt deſirable fight ; and then, that having 
aſcertained with more exactneſs the magnitudes of 
the planetary orbits, it may ogg to. their im- 
mortal fame and glory. 

We have now ſhewn,. that by this keel 4 the IN * 
Sun's parallax may be inveſtigated to within. it's five I '* 
hundredth part, which doubtleſs will appear won- ba 
derful to ſome. Burt if an accurate obſcrvation be thi 
made in each of the places above marked out, we at 
have already demonſtrated that the durations of I be. 
this eclipſe made by Venus will differ from each IM 
other by 17 minutes of time; that is, upon g ſup- fre 
poſition that the Sun's ' parallax is 124. But if 
the difference ſhall. be found by obſervation to be N W. 
greater or leſs, the Sun's parallax will be greater 
or leſs, nearly in the ſame proportion. And fince iſ © 
17 minutes of time are anſwerable to 124 ſeconds iſ 29! 
of ſolar parallax, for every ſecond of parallax there | 
will _ a difference of more than 80 ſeconds. of Ii de! 
time; whence, 1 if we have this diference true to ha\ 
two ſeconds, it will be certain what the Sun's pa- of 
rallax is, to within. a 40th part of one ſecond; and I mo 
therefore, his diſtance will be determined to wake lon 


« it's goodth part at. leaſt, if the parallax be not 
found leſs than what we have ſuppoſed: for 4 2 
times 12+ make 500. | mo 


And fnow I think 1 have explained hes matter I the 
fully, and even more than I needed to have done, I ton 
to thoſe who underſtand Aſtronomy: and I would the 

| have them take notice, that on this occaſion, I tha 
| f have had no regard to the latitude of Venus, both wit 
1 to avoid the inconvenience of a more intricate cal- | wil 
! culation, which would render the concluſion Jeſs te. 
| | evident; and alſo cle the motion of the nodes 

h of 

. 

_ 


of the Planets from the Sun; 28 * 


of Venus is not yet diſcovered; nor can be deter- 
mined but by ſuch conjunctions of the planet with 
the Sun as this is. For we conclude, that Venus 


will paſs 4 minutes below the Sun's center, only 


in conſequence of the ſuppoſition that the plane 


of Venus's orbit is immoveable in the ſphere of 
the fixed ſtars, and that it's nodes remain in the 
ſame places where they were found in the year 
1639. But if Venus, in the year, 1761, ſhould 
move over the Sun in a path more to the ſouth, 
it will be manifeſt that her nodes have moved 


backward among the fixed ſtars; and if more to 
the north, that they have moved forward; and that 


at the rate of 34 minutes of a degree in 160 Julian 
years, for every minute that Venus's path ſhall be 
more or leſs diſtant than the aboveſaid 4 minutes 
from the Sun's center. And the difference be- 
tween the durations of theſe eclipſes will be ſome- 
what leſs than 17 minutes of time, on account of 
Venus's ſouth latitude ; but greater, if by the mo- 
tion of. the nodes forward ſhe ſhould paſs on the 
north of the Sun's center. £5 FRY | 

But for the fake of thoſe, who, though they are 
delighted with ſydereal obſervations, may not yet 
have made themſelves acquainted with the doctrine 
of parallaxes, I choſe to explain the thing a little 
more fully by a ſcheme, and alſo by a calculation 
ſomewhat more accurate. „ 

Let us ſuppoſe that at London, in the year 1761, 
on the 6th of June, at 55 minutes after V in the 


morning, the Sun will be in Gemini 159 377 and 


therefore that at it's center the ecliptic is inclined 
toward the north, in an angle of 69 10o': and that 
the viſible path of Venus on the Sun's diſc at 
that time declines to the ſouth, making an. angle 
with the ecliptic of 8 287: then the path of Venus 
will alſo be inclined to the ſouth, with reſpect 
to the equator, interſecting the parallels of decli- 

| nation 
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nation at an angle of 29 18'*, Let us alſo ſuppoſe; 


that Venus, at the forementioned time, will be at 
her leaſt diſtance from the Sun's center, viz. only 
Four minutes to the ſouth ; and that every hour 


ſhe will deſcribe a ſpace of 4 minutes on the Sun; 
with a retrograde motion. The Sun's ſemidiame- 
ter will be 13 51” nearly, and that of Venus 374. 
And let us ſuppoſe, for trial's ſake, that the differ- 
ence of the horizontal parallaxes of Venus with the 
Sun (which we want) is 31“, ſuch as it comes out 
if the Sun's parallax be ſuppoſed 12%. Then, 
on the center C (Plate XV. Fig. 2.) let the little 
circle AB, repreſenting the Earth's diſe, be de- 
ſeribed, and let it's ſemidiameter C be 31”; and 
let the elliptic parallels of 22 and 56 degrees of 
north latitude (for the Ganges and Port-Ne!ſon) be 
drawn within it, in the manner now uſed by Aſtro- 
nomers for conſtructing {ſolar eclipſes. Let BCg 
be the meridian in which the Sun is, and to this, 
let the right line FH G, repreferiting the path of 
Venus, be inclined at an angle of 29 18”; and let 
it be diſtant from the center C 240 ſuch parts, 
whereof CB is 31, From C let fall the right line 


CH, perpendicular to FG; and ſuppoſe Venus to 


be at Hat 55 minutes after V in the morning; 
Let the right line F HG be divided into the horary 
ſpaces III IV, IV V, V VI, &c. each equal to CH; 
that is, to 4 minutes of a degree. Alſo, let the 


right line LM be equal to the difference of the 


This was an overſight in the Doctor, occaſioned by his 
Placing both the Earth's axis B Cg (Fig. 2. of Plate XV.) and 
the axis of Venus's orbit C H on the ſame fide of the axis 
of the ecliptic CK; the former making an angle of 6 10' 
therewith, and the latter an angle of 8“ 28”; the difference 
of which angles is only 29/18". But the truth is, that t 
Earth's axis, and the axis of Venus's orbit, will then lie on 
different fides of the axis of the ecliptic, the former making 
an angle of 6® therewith, and the latter an angle of 80. 


Therefore, the ſum of theſe angles, which is 14% (and not 


their difference 20 18“) 33 the inclination of Venus's viſible 
path to the equator and parallels of declination, 
; apparent 


of the Planets from the San. 


5 apparent ſemidiameters of the Sun and Venus, 
it which is 15 8 „; and a circle being deſcribed 
7 vith the radius L M,. on a center taken in any 
point within the little circle 4 B repreſenting the 


denoting the time at London when Venus ſhall 
touch the Sun's limb internally as feen from the 
place of the Earth's ſurface that anſwers to the 
point aſſumed in the Earth's difc, And if a circle 
be deſcribed on the center C, with the radius L M, 
it will meet the right line F G in the points V and 
G; and the ſpaces I and CI will be each equal 
to 14, 4, which ſpace Venus will appear to pals 
over in 3 hours 40 minutes of time at London; 
therefore, F will fall in II hours 15 minutes, and 
Gin IX hours 35 minutes in the morning, Whence 
it is manifeſt, that if the magnitude of the Earth, 

on account of i it's immenſe diſtance, ſhould van 
as it were into a point; or, if being deprived of a 
diurnal motion, it ſhould always have the Sun verti- 
cal to the ſame point C; the whole duration of this 
eclipſe would be 7 hours 20 minutes. But the 
Earth in that time being whirled through 110 de- 


0 grees of longitude, with a motion contrary to the 
7; motion of Venus, and conſequently the abovemen- 
y tioned duration being contracted, ſuppole 12 mi- 
3 nutes, it will come out 7 hours 8 minutes, or 107 
e degrees, nearly. 

le Now, Venus will be at , at her leaſt diſtance 


from the Sun's center, when in the meridian of 
the eaſtern mouth of the Ganges, where the altitude 
of the pole 1s about 22 degrees. The Sun there- 
fore will be equally diſtant from the meridian of 
that place, at the moments of the ingreſs and egreſs 
of the planet, viz. 53 degrees; as the points 4 
and þ (repreſenting that place in the Earth's diſc 
4B) are, in the greater parallel, from the meridian 
BCg. But the diameter ef of that parallel wilt be 


to the diſtance a b, as the ſquare of the radius to 
the rectangle under the fines of 53% and 68 de- 


G g grees; 


Earth's diſc, will meet the right line F & in a point 


3. 
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grees; that is, as 1“ 2” to 46” 13“. And by a 
good calculation (which, that I may not tire the 
reader, it is better to omit) I find, that a circle de- 
ſcribed on à as a center, with the radius L M, will 
meet the right line FH in the point M, at II hours 
20 minutes 40 ſeconds; but that being deſcribed 
round þ as a center, it will meet H & in the point 
N at IX hours 29 minutes 22 ſeconds, according 
to the time reckoned at London: and therefore, 
Venus will be ſeen entirely within the Sun at the 
banks of the Ganges for 7 hours 8 minutes 42 ſe- 
conds : we have then rightly ſuppoſed, that the 
duration will be 7 hours 8 minutes, ſince the part 
of a minute is here of no conſequence. 

But adapting the calculation to Port-Nel/on, 1 
find, that the Sun being about to ſer, Venus will 
enter his diſc; and immediately after his riſing ſhe 
will leave the ſame. That place is carried in the 
intermediate time through the hemiſphere oppoſite 
to the Sun, from c to d, with a motion conſpiring 
with the motion of Venus; and therefore, the ſtay 
of Venus on. the Sun will be about 4 minutes 
longer, on account of the parallax; fo that it will 
be at leaſt 7 hours 24 minutes, or 111 degrees of 
the equator. And ſince the latitude of the place 
is 56 degrees, as the ſquare of the radius is to the 
rectangle contained under the fines 55+ and 34 
degrees, fois A B, which is 17 2”, to cd, which is 
28” 33”. And if the calculation be juſtly made, 
it will appear, that a circle deſcribed on c as a cen-M 

ter, with the radius LM, will meet the right line 

FH in O, at II hours 12 minutes 45 ſeconds; and 

that ſuch a circle, deſcribed on das a center, 
will meet H in P, at IX hours 36 minutes 374 
ſeconds; and therefore the duration at Port- Velſon 
will be 7 hours 23 minutes 52 ſeconds, which is? 
greater than at the mouth of the Ganges, by 15 
minutes 10 ſeconds of time. But if Venus ſhould 
pals over the Sun without having any latitude, the 
difference would be 18 minutes 40 ſeconds ; and 
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of the Planets from the Sun. 
if ſhe ſhould paſs 4 north of the Sun's center, the 


difference would amount to 21 minutes 40 ſeconds, . 


and will be ſtill greater, if the planet's north lati- 


From the foregoing hypotheſis it follows, that 


| at London, when the Sun riſes, Venus will have 


entered his diſc; and that, at IX hours 37 minutes 
in the morning, ſhe will touch the limb of the Sun 


internally in going off; and laſtly, that ſhe will not 
| entirely leave the Sun till IX hours 56 minutes. 


It likewiſe follows from the ſame hypotheſis, 
that the center of Venus ſhould juſt touch the Sun's 
northern limb in the year 1769, on the third of 
June, at XI o'clock at night. So that, on account 


| of the parallax, 8 appear in the northern parts 
ly within the Sun, which then 


of Norway, ent 
does not ſet to thoſe parts; whilſt, on the coaſts 


of Peru and Chili, it will ſeem to travel over a ſmall 
portion of the diſc of the ſetting Sun; and over 


that of the riſing Sun at the Molucca Mands, and 


in their neighbourhood.— But if the nodes of Ve- 
nus be found to have a retrograde motion (as there 


is ſome reaſon to believe from ſome later obſerva- 
tions they have) then Venus will be ſeen every 
where within the Sun's diſc; and will afford a much 


| better method for finding the Sun's parallax, by 


almoſt the greateſt difference in the duration of 
theſe eclipſes that can poſſibly happen. 

But how this parallax may be deduced from 
obſervations made ſomewhere in the Zaſt- Indies, in 


the year 1761, both of the ingreſs and egreſs of 


Venus, and compared with thoſe made in it's going 
off with usz namely, by applying the angles of a 
triangle given in ſpecie to the circumference of 
three equal circles; ſhall be explained on ſome 
other occaſion, | | 
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ARTICLE IV. 


Shewing that the whole method propoſed by the Doctor 


cannot be put in practice, and why, 


27. In the above Diſſertation, the Doctor has 


explained his method with great modeſty, and even 


with ſome doubtfulneſs with regard to it's full ſuc- 
ceſs. For he tells us, that the Sun's parallax may 
only be determined within it's five hundredth part 
thereby, provided it be not leſs than 12” +; that 
there may be a good obſervation made at Port- 
Nelſon, as well as about the banks of the Ganges; 
and that Venus does not paſs more than 4 minutes 
of a degree below the center of the Sun's diſc, — 
He has taken all proper pains not to raiſe our ex- 
pectations too high, and yet, from his well-known 
abilities, and character as a great Aſtronomer, it 
ſeems mankind in general have laid greater ſtreſs 


upon his method, than he ever deſired them to do. 
Only, as he was convinced it was the beſt method 


by which this important problem can ever be 
ſolved, he recommended it warmly for that reaſon. 


Hie had not then made a ſufficient number of ob- 
ſervations, whereby to determine, with certainty, 


whether the nodes of Venus's orbit have any mo- 
tion at all; or, if they have, whether it be back- 
ward or forward with reſpe& to the ſtars. And 
conſequently, having not then made his own tables, 
he was obliged to calculate from the beſt that he 


could find. But thoſe tables allow of no motion to 

Venus's nodes, and alſo reckon her conjunction 
with the Sun to be about half an hour too late. 

28. But more modern obſervations prove, that 


the nodes of Venus's orbit have a motion, back- 
ward, or contrary to the order of the ſigns, with 
reſpect to the fixed ſtars. And this motion is al- 
lowed for, in the Doctor's tables, a great part 
whereof were made from his own obſervations. 
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And it appears by theſe tables, that Venus will be 
ſo much farther paſt her deſcending node at the 


time of this tranſit, than ſhe was paſt her aſcending 


node at her tranſit in November 1639, that inſtead: 
of paſſing only four minutes of a degree below the 
Sun's center in this, ſhe will paſs almoſt 10 minutes 
of a degree below it: on which account, the line 
of her tranſit will be fo much ſhortened, as will 
make her paſſage over the Sun's diſc abour an 


hour and 20 minutes lets than if ſhe paſſed only 
4 minutes below the Sun's center, at the middle of 


her tranſit. And therefore, her parallax from the 


Sun will be ſo much diminiſhed, both at the be- 


ginning and end of her tranſit, and at all places 
from which the whole of it will be ſeen, that the 
difference of it's durations, as ſeen from them, and 


_ as ſuppoſed to be ſeen from the Earth's center, 


ae not amount to 11 minutes of time. 
But this is not all: for although the tranſit 


wil begin before the Sun ſets to Port- Nelſon, it will 


be quite over before he riſes to that place next 
morning, on account of it's ending ſo much ſooner 


than as given by the tables to which the Doctor 
was auen to truſt, So that we are quite de- 


prived of the advantage that otherwiſe would have 
ariſen from obſervations made at Port- Nelſon. 

30. In order to trace this affair through all it's 
intricacies, and to render it as intelligible to the 
reader as I can, there will be an unavoidable neceſ- 
ſity of dwelling much longer upon it than I could 
otherwiſe wiſn. And as it is impoſſible to lay 
down truly the parallels of latitude, and the ſitua- 
tions of places at particular times, in ſuch a ſmall 


diſc of the. Earth as muſt be projected in ſuch a a 


ſort of diagram as the Doctor has given, ſo as to 
meaſure thereby the exact times of the beginning 


and. ending of the tranſit at any given place, unleſs 


the Sun's diſc be made at leaſt 30 inches diameter 
in the projection; and to which the Doctor did not 


quite truſt without making ſome calculations; I 
Gg 3 - ſhall 
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ſhall take a different method, in which the Earth's 
diſc may be made as large as the operator pleaſes : 

bur if he makes it only 6 inches in diameter, he may 
meaſure the quantity of Venus's parallax from the 
Sun upon it, both in longitude and latitude, to the 
fourth part of a ſecond, for any given time and 
place; and then, by an eaſy calculation in the 
common rule of three, he may find the effect of 
the parallaxes on the duration of the tranſit. In 
this, I ſhall firſt ſuppoſe with the Doctor, that the 
Sun's horizontal parallax is 12 ; and conſequently, 
that Venus's horizontal parallax from the Sun is 
31”. And after projecting the tranſit, ſo as to find 
the total effect of the parallax upon it's duration, 
I ſhall next ſhew how nearly the Sun's real parallax 
may be found from the obſerved intervals between 
the times of Venus's egreſs from the Sun, at par- 
ticular places of the Earth; which is the method 
now taken both by the Engliſh and French Aſtro- 


nomers, and is a ſurer way whereby to come at the 


real quantity of the Sun's parallax, than by obſerv- 
ing how much the whole contraction of duration 
of the tranſit is, either at Bencoolen, Batavia, or 
fan, 


ARTICLE v. 


Shewing how to projet? the tranfit if Venus on the 

Sun's aije, as ſeen from different places of the Earth; 
fo as to find what it's viſible duration muſt be at 
any given place, according to any aſſumed parallax 
of the Sun; and from the obſerved intervals between 
the times of Venus's egreſs from the Sun at particular 
MG, to Jing the Sun's true horizontal arenas. 


31. The elements for this projection are as fol- 


' Jows': 
I. The true time of conjunction of the Sun and 


Venus; which, as ſeen from the Earth's center, 
and reckoned aceording to the equal time at 
O 2 TL.uondon, 
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London, is on the 6th of Zune 1761, at 46 minutes 
17 ſeconds after V in the morning, according to 
Dr. HAlTEx's tables. 

II. The geocentric latitude of Venus at that time, 


43“ ſouth, J. 

III. The Sun's ſemidiameter, 15” 50”. 

IV. The ſemidiameter of Venus (from the Doc- 
tor's Diſſertation) 37". | 

V. The difference of the ſemidiameters of the Sun 
and Venus, 15 12/2. 

VI. Their ſum, 16” 2772. 

VII. The viſible angle which the tranſit- line * 

with the ecliptic, 8 Zr; the angular point (or 
deſcending node) being 19 CC 18” eaſtward from 
the Sun, as ſeen from the Earth ; 3 the deſcend- 
ing node being in 4 1429 37”, as ſcen from 
the Sun; and the Sun in 1 15 35 55”, as 
ſeen from the Earth. 

VIII. The angle which the Axis of Venus's viſible 
path makes with the axis of the ecliptic, 8? yr; 

the ſouthern half of that axis being on the left 
hand (or eaſtward) of the axis of the ecliptic, 
as ſeen from the northern hemiſphere of the 
Earth, which would be to the right hand, as 
ſeen from the Sun, 

IX. The angle which the Ban axis e with 
the axis of the ecliptic, as ſeen from the Sun, 
6*; the ſouthern half of the Earth's axis lying 
to the right hand of the axis of the ecliptic, in 
the projection; which would be to the left hand 
as ſeen from the Sun. 

X. The angle which the Earth's axis makes with 
the axis of Venus's viſible path, 14? 37; viz. 
the ſum of No VIII and IX. 

XI. The true motion of Venus on the Sun, given 
by the tables as if it were ſeen from the Earth's 
center, 4 minutes of a degree in 60 minutes of 
time. 


684 32. Theſe 
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32. Theſe elements being collected, make a 
ſcale of any convenient length, as that of Fig. 1. 
in Plate XVI. and divide it into 1 equal parts, 
each whereof ſhall be taken for a minute of a de- 
gree; then, divide the minute next to the left 
hand into 60 equal parts for ſeconds, by diagonal 
lines, as in the figure. The reaſon for dividing 
the ſcale into 17 parts or minutes is, becauſe the 
ſum of the ſemidiameters of the Sun and Venus 
exceeds 16 minutes of a degree. See N VI. 

33. Draw the right line 40 6 (Fig. 2.) for a 
ſmall part of the ecliptic, and perpendicular thete- 
to draw the right line Cv E for the axis of the 
ecliptic on the ſouthern half of the Sun's diſc. 

34. Take the Sun's ſemidiameter, 15 50%, from 
the ſcale with your compaſſes; and with that extent, 


as a radius, ſet one foot in C as a center, and de- 


ſcribe the femicircle AE G for the ſouthern half of 


the Sun's diſc; becauſe the tranſit is on that half 


of the Sun. 

35: Take the geocentric latitude Nennt 9 
43”, from the ſcale with your compaſſes; and ſet 
that extent from C to v, on the axis of the eclip- 


tic: and the point v ſhall be the place of Venus's 


center on the Sun, at the tabular moment of her 


conjunction with the Sun. 


36. Draw the right line CBD, dna an diate 


of 80 31 with the axis of the ecliptic, toward che 
left hand; and this line ſhall repreſent the axis of 
Venus's geecentric/viſible path on the Sun. 


33. 2 hrough the point of the conjunction v, in 
the axis of the ecliptic, draw the right line 9 7 7 for 


the geocentric viſible path of Venus over the Sun's 


diſc, at right angles to CBD, the axis of her orbit, 
which axis will divide the line of her path | into two 
28. Take Venus' $ horary motion on the Sun, 
4, from the ſcale with your compaſſes; and with 
that extent make marks along the tranſit-line q + r. 


The . ipaces, from . to mark, ſhew how 


much 
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much of that line Venus moves through in each 
hour, as ſeen from the Earth's center, during her 
continuance on' the Sun's diſc. 

39. Divide each of theſe horary ſpaces, from 
mark to mark, into 60 equal parts for minutes of 
time; and ſet the hours to the proper marks in ſuch 
a manner, that the true time of conjunction of the 

Sun and Venus, 46. minutes after V in the morn- 
ing, may fall into the point v, where the tranfit- 
line cuts the axis of the ecliptic. So the point v 
ſhall denote the place of Venus's center on the 
Sun, at the inſtaut' of her ecliptical conjunction 
with the Sun, and 7 (in the axis O of her orbit) 
will be the middle of her tranſit; which 1s at 24 
minutes after V in the morning, as ſcen from the 
Earth's center, and reckoned by the equal time at 
London. 

40. Take the Ame of the ſemidiameters of 
the Sun and Venus, 15 1202, in your compaſſes 
from the ſcale; and with that extent, ſetting one 
foot in the Sun's center C, deſcribe the arcs N and 
T with the other, croſſing the tranſit- line in the - 
points & and /; which are the points on the Sun's 

dic that are hid by the center of Venus at the mo- 
ments of her two internal contacts with the Sun's 
I: mb or edge, at M and M: the former of theſe is 
the moment of Venus's total ingreſs on the Sun, 
as ſeen from the Farth's center, which 1s at 28 
minutes after II in the morning, as reckoned at 
London; and the latter is the moment when her 
egreſs from the Sun begins, as ſeen from the Earth's 
center, which is 20 minutes after VIII in the morn- 
ing at London. The interval between theſe two 
contacts is 5 hours 52 minutes. 

41. The central ingreis of Venus on the Sun is 
the moment when her center is on the Sun's eaſtern 
limb at 4, which is at 15 minutes after II in the 
morning; and her central egreſs from the Sun is 

the moment when her center is on the Sun's weſtern 
Jun at w3 which is at 33 minutes after VIII in 

- 1 e ae 


— 
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the morning, as ſeen from the Earth's center, and 


reckoned according to the time at London. The 


interval between theſe times is 6 hours 18 minutes. 
42. Take the ſum of the ſemidiameters of the 
Sun and Venus, 16 27%, in your compaſſes from 
the ſcale; and with that extent, ſetting one foot in 
the Sun's center C, deſcribe the arcs Q and R with 
the other, cutting the tranſit line in the points q and 
7, which are the points in open ſpace (clear of the 
Sun) where the center of Venus is, at the moments 
of her two external contacts with the Sun's limb 
at & and /; or the moments of the beginning and 
ending of the tranſit, as ſeen from the Earth's cen- 
ter; the former of which is at 3 minutes after II 
in the morning at London, and the latter at 45 mi- 
nutes after VIII. The interval between theſe mo- 
ments is 6 hours 42 minutes. | 
43. Take the ſemidiameter of Venus, $742. in 
your compaſſes from the ſcale; and with that ex- 


tent as a radius, on the points g, X, t, l r, as cen- 


ters, deſcribe the circles ZS, MI, OF, PN, WY, 
for the diſc of Venus, at her firſt contact at S, her 
total ingreſs at M, her place on the Sun at the 
middle of her tranſit, her beginning of egreſs at N, 
and her laſt contact at V. 

44. Thoſe who have a mind to project the Earth's 
diſc on the Sun, round the center C, and to lay 
down the parallels of latitude and ſituations of places 
thereon, according to Dr. HaLLey's method, may 
draw Cf for the axis of the Earth, produced to the 
ſouthern edge of the Sun at J; and making an 


angle E CF of 62 with the axis of the ecliptic CE: 


but he will find it very difficult and uncertain to 
mark the places on that diſc, unleſs he makes the 


Sun's ſemidiameter AC 15 inches at leaſt : other- 
wiſe the line F is of no uſe at all in this projec- 
e tion. he following method is better. 


45. In Fig. 3. of Plate XVI. make the line AB 
of any convenient length, and divide it into 31 
equal Parts, each whereof ſhall be taken for a _— 


c ww. VU Q gw ww = . 8 1D an 
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of Venus's parallax either from or upon the Sun 


(her horizontal parallax from the Sun being ſup- 
poled to be 31”); and taking the whole 4 
AB in your compaſles, ſer one foot in C (Fig. 4.) 
as a center, and delcribe the circle 4E 3B D for the 
Earth's enlightened diſc, whole diameter is 62”, or 
double the horizontal parallax of Venus from the 
Sun. In this diſc, draw A CB for a ſmall part of 
the ecliptic, and at right angles thereto draw ECD 
for the axis of the ecliptic. Draw alſo NC'S both 
for the Earth's axis and univerial folar meridian, 


making an angle of 6“ with the axis of the ecliptic, 


as ſeen frgm the Sun; HC for the Axis of Venus's 
orbit, mang an angle of 8 gr with ECD, the 
axis of hq; ecliptic; and laſtly, YCO for a ſmall 


part of s's orbit, at right angles to it's axis. 


4b. This figure repreſents the Earth's enlight- 
ened diſc, as ſeen from the Sun ar the time of the 


tranſit. The parallels of Jatitude of London, the 


eaſtern mouth of the Ganges, Bencoolen, and the 


iſland of Sz. Helena, are laid down in it, in the 


ſame manner as they would appear to an obſerver 
on the Sun, if they were really drawn in circles on 
the Earth's ſurface (like thoſe on a common ter- 
reſtrial globe) and could be viſible at ſucn a diſ- 
tance.— The method cf delineating theſe parallels 
is the ſame as already deſcri ed in the XIXth Chap- 
ter, for the conſtruction of ſolar eclipſes. 

47. The points where the curve-lines (called 
hour-circles) XI M, X V, &c. cut the parallels of 


_ latitude, or paths of the four places above-men- 


tioned, are the points at which the places them- 
ſelves would appear in the diſc, as ſecn from the 
Sun, at theſe hours reſpectively. When either 


place comes to the ſolar meridian NCS by the 


Earth's rotation on it's axis, it is noon at that place; 


and the difference, in abſolute time, between the 


noon at that place and the nuon at any other place, 
is in proportion to the difference of longitude of 


theſe two places, reckoning one hour for every 15 


degrees 


459. 
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degrees of longitude, and 4 minutes for each de- 
gree: adding the time if the longitude be eaſt, 
but ſubtracting it if the longitude be weſt, | 
48. The diſtance of either of theſe places from 
HCI (the axis of Venus's * orbit) at any hour or 
part of an hour, being meaſured upon the ſcale 
AB in Fig. 3. will be equal to Venus's parallax in 
Jongitude, either on or from the Sun; and this 
parallax, being always contrary to the poſition of 
the place, 1s eaſtward as long as the place keeps 
on the left hand of the axis of the ecliptic, as ſcen 
from the Sun; and weſtward when the place gets 
to the right hand of the axis of the ecliptic. So 
that, to all the places which are poſited in the he- 
miſphere HV of the diſc, at any given time, Ve- 
nus has an eaſtern parallax of longitude ; but when 
the Earth's diurnal motion carries the ſame places 
into the hemiſphere 77O 7, the parallax of Venus 
is weſt ward. 

459. When Venus has a parallax toward the eaſt, 
as feen from any given place on the Earth's ſur- 
face, either at the time of her total ingteſs or be- 
ginning of egreſs, as ſeen from the Earth's center; 
add the time anſwering to this parallax to the time 
of ingreſs or egreſs at the Earth's center, and the 

| {um will be the time thereof, as ſeen from the given 

| pPlwkwVace on the Earth's ſurface: but when the paral- 

| lax is weſtward, ſubtract the time anſwering there- 
to from the time of total ingreſs or beginning of 
| egreſs as ſeen from the Earth's center, and the re- 
| mainder will be the time as ſeen from the given 
4 place on the c ſo far as it is affected by this 


| | * In the 3 Edition of this, I made a miſtake in A 
1 the parallax in longitude in a line from the given place to the 
axis of the ecliptic, and perpendicular thereto; and the paral- 
Jax in latitude from the given place to the plane of the eclip- 
tic, and perpendicular thereto. - Hug this edition, theſe er- 
rors are corrected; which make ſoffie ſmall differences in the 
quantities of the parallaxes, and in the times depending there- 
on; as will appear by TE os Maus! in this with thoſe in 
l the former edition. | | 

| | parallax, 
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arallax.— The reaſon of this is plain to every one 
who conſiders, that an eaſtern parallax keeps the 
planet back, and a weſtern parallax carries it for- 
ward, with reſpect to it's true place or poſition, at 
any inſtant of time, as ſeen from the Earth's cen- 
ter. 

50. The neareſt diſtance of any given place from 
VO, the plane of Venus's orbit at any hour or 
part bf an hour, being meaſured on the ſcale 4 
in Fig. 3, will be equal to Venus's parallax in lati- 
tude, which i is northward from the true line of her 
path on the Sun as ſeen from the Farth's center, 
if the given place be on the ſouth {ide of the plane 
of her orbit CO on the Farth's diſc; and the 
contrary, if the given place be on the north fide of 
that plane; that is, the parallax is always contrary 
to the ſituation of the place on the Earth's diſc, 
with reſpect to the plane of Venus's orbit thereon. 

51. As the line of Venus's tranſit is on the 
ſouthern hemiſphere of the Sun's diſc, it 1s plain 
that a northern parallax in her latitude will cauſe 
her to deſcribe a longer line on the Sun, than if 
ſhe had no ſuch parallax; and a ſouthern parallax 
in latitude will cauſe her to deſcribe a ſhorter line 
on the Sun, than if ſhe had no ſuch parallax.— 
And the longer this line is, the ſooner will her total 
ingreſs be, and the later will be her beginning of 
eoreſs ; and juſt the contrary, if the line be ſhort- 
er. But to all places ſituated on the north ſide of 
the plane of her orbit, in the hemiſphere JO, the 
parallax of latitude 15 touth; and to all places ſitu- 
ated on the ſouth fide of the plane of her orbit, in 
the hemiſphere JO, the parallax of latirude is 
north. Therefore, the line of the tranſit will be 
ſhorter to all places in the hemiſphere V, than 
It will be as ſeen from the Earth's center, where 
there is no parallax at all; and longer to all places 
in the hemiſphere 0. So that the time anſwering 
to this parallax muſt be added to the time of total 
ingreſs as ſc fore: ihe Earth's center, and ſubtract- 


ed 
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ed from the. beginning of egreſs as ſeen from the 


Earth's center, in order to have the true time of 
total ingreſs and beginning of egreſs as ſeen from 
places in the hemiſphere YZO: and juſt the reverſe 
for places in the hemiſphere V1O.—lIr was proper to 
mention theſe circumſtances; for the reader's more 


. eaſily conceiving the reaſon of applying the times 
- anſwering to the parallaxes of longitude and ati. 


tude in the ſubſequent part of this article: for it i 


their ſum in ſome caſes, and their difference in 
others, which being applied to the times of total 


ingreſs and beginning of egreſs as ſeen from the 


_ Earth's center, that will give the times, thereof as 
ſeen from the given places on the Earth's ſurface. W 
52. The angle which the Sun's ſemidiameter Wi 
ſubtends, as ſeen from the Earth, at all times of i 
the year, has been ſo well aſcertained by late ob- 


ſervations, that we can wake no doubt of it's being 
15” go“ on the day of the tranſit; and Venus's ati 
tude has alſo been ſo well aſcertained at many dit- 


ferent times of late, that we have very good rei 
fon to believe it will be 9” 43” ſouth of the Sun's 
center, at the time of her conjunction with the 
Sun.—If then, her ſemidiameter at that time be 
37 (as mentioned by Dr. HALLEY) it appears 
by the projection (Fig. 2.) that her total ingreſs ou 
the Sun as ſeen from the Earth's center, will be 
at 28 minutes after II in the morning ($ 40.) and 
her beginning of egreſs from the Sun will be 20 
minutes after VIII, according to the time reckon-Wi 
ed at London. 4 
53. As the total ingreſs will not be viſible a I 
| London, we ſhall not here trouble the reader abou 
Venus's parallax at that time.—But by projecting 
the ſituation of London on the Earth's diſc (Fig. 4 
for the time when the egreſs begins, we find it ic wil 2 


then be at /, as ſeen from the Sun. 


Draw 14 parallel to Venus's orbit co, and 11 4 
| endicular to it: the former is Venus's eaſter! I 

— 4 in longitude at her beginning of greb 7 
: . | | FE OM ane, 


— 
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| and the latter is her ſouthern parallax in latitude 
of Nat that time. Take theſe in your compaſſes, and 


om I meaſure them on the ſcale 4B (Fig. 3.) and you 


rſe will find the parallax in longitude to be 1002, and 
| the parallax in latitude to be 212. 


ore 54. As Venus's true motion on the Sun is at the 
des rate of 4 minutes of a degree in 60 minutes of 
iti. time (See Nꝰ XI. of F 31.) ſay, as 4 minutes of a 
degree is to 60 minutes of time, ſo is 1004 of a 
degree to 2 minutes 41 ſeconds of time; which 
being added to VIII hours 20 minutes (becauſe 

this parallax is eaſtward, 5 49.) gives VIII hours 
W22 minutes 41 ſeconds, for the beginning of egreſs 
Wat London, as affected only by this parallax. —But, 
Jas Venus has a ſouthern parallax of latitude at that 
time, her beginning of egrels will be ſooner; for 
Wthis parallax ſhortens the line of her viſible tranſit 
Wat London. | | 


. 55. As this parallax of latitude is 217% ſouth, 
il. add it to Venus's latitude 97 43”, and the ſum will 
be 10“ 4/7; which is to be taken from the ſcale 
in Fig. 1. and ſet from C to L in Fig. 2. And 


chen, if a line be drawn parallel to z 7, it will ter- 
minate at the point p in the arc 7, where Venus's 
Wcenter will be at the beginning of her egreſs as ſeen 
from London *.—But as her center is at / when her 
Negreſs begins as ſeen from the Earth's center, take 
L in your compaſſes, and ſetting that extent from 
towards / on the central tranſit-line, you will find 
it to be g minutes ſhorter than 7 /: therefore ſub- 
tract 5 minutes from VIII hours 22 minutes 41 
econds, and there will remain VIII hours 17 mi- 
gutes 41 ſeconds for the viſible beginning of egreſs 
Jin the morning at London. | 


he reaſon why the lines o L p, a B 5, ct, and t B, which 
re the viſible tranſits at Loadbn, the Ganges mouth, Bencoolen, 
nd Sz. Helena, are not parallel to the central tranſit- line 471, 
5 becauſe the parallaxes in latitude are different at the times 
f ingreſs and egreſs, as ſeen from each of theſe places, The 
method of drawing theſe lines will be ſhewn by and 25 1 | 


— 
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56. At V hours 24 minutes (which is the mid. 
dle of the tranſit as ſeen from the Earth's center) 
London will be at L on the Earth's diſc (Fig. 4.) 
as ſeen from the Sun. The parallax of longitude 
La is then 12 2 by which, working as above di- 
rected, we find the micelle of the tranſit, as ſeen 
from London, to be at. V hours 20 minutes 52 
ſeconds.— This is not affected by the parallax of 
latitude Lt. - But LI meaſures 27. on the ſcale 
AB (Fig. 3) therefore take 27” from, the ſcale 
in Fig. 1. and ſet it from # to L, on the axis of 

Venus's path in Fig. 2. and laying a ruler to the 
point L, and the above-found point of egreſsp, dray 
L p for the line of the tranſit as ſeen from.London 
57. The eaſtern mouth of the river Ganges is 89 
degrees eaſt from the meridian of London; and 
therefore, when the time at London is 28. minutes 
after II in the morning (F 40.) it is 24 minutes paſt 
VIII in the morning (by § 47.) at the mouth df 
the Ganges; and when it is 20 minutes paſt VIII 
in the morning at London (F 40.) it is 16 minute 
paſt II in the afternoon at the Ganges. Therefore, 
by projecting that place upon the Earth's diſc, a 
ſeen from the Sun, it will be at G (in Fig. 4.) a 
the time of Venus's total ingreſs, as ſeen from the 
Earth's c and at g when her egreſs begins. 

Draw Ge and gr parallel to the orbit of Venus 
VO, and meaſure them on the ſcale AB in Fig.; 
the former will be 21” for Venus's eaſtern paralla 
in longitude, at the above-mentioned time of her 
total ingreſs, and the latter will be 16% for he 
weſtern parallax in longitude at the time when her 
nets begins.—Thetormer parallax gives 5 minuts 

> ſeconds of time (by the analogy in & 54.) to be 
ied to VIII hours 24 minutes, and the latter pr 
rallax gives 4 minutes 11 ſeconds to be ſubtractei 
from Il hours 1 6 minutes; by which we have VIII 
hours 29 minutes 1 5 ſeconds, for the time of toni 
ingrels. as ſeen from the banks of the Ganges, and 1 
7. a boi 


"Y * 


e the Planets from the un. 
. oors 11 minutes 49 ſeconds for the beginning bf 
) Weorch, as affected by theſe parallaxes. Wl 
Y Paw G f perpendicular to Venus's orbit, OC, 


and by meaſurement on the ſcale 5 (Fig. 3.) itwill 
be found to contain 10“; which being taken from 
the ſcale in Fig. 1. and ſet off ſourhward from the 
point of total © ingreſs K (Fig. 2. as ſeen from the 
Earth's center) parallel to the axis of Venus's path, 


le er will fall into the point c oh the arc N. Draw- 
le , and taking the extent fc in your compaſſes, 
ad applying it from # towards t, you will find ir 
eo fall a minute ſhort of &; which ſhews, e 
w 


enus's parallax in latitude” ſhortens the 

ning of the line of her vifible tranſit at the Fahr; 
J one minute of time. Therefore, as this makes 
he viſible ingreſs a minute later, Add one minute 
o the above VIII houfs- 29 minutes 13 ſeconds, 
and it will give VIII hauts 30 minutes 15 ſeconds 
for the time of total ingrefs; in the morning, as 
Ween from the eaſtern: mouth of the Ganges. At 
the” beginning of egreſs, the parallax of latitude 
o is 2” 4 (by meaſurement of the ſcale AB) which 
ill protract the beginning of egreſs by about 30 
W-conds of time, and wolf therefore be added to 
We above II hours 11 fnmutes 49 ſeconds, Which 
ill make the viſible beginning of egreſs to be at 
W1 hours 12 minutes x 9 Teconus 1 in the afternoon,” 
38. Bencvolen is 102 degrees eaſt from the meri- 
ian of London; and therefore, when the time is 
s minutes paſt II in the morning at London, it is 
6 minutes paſt IX in the morning at Benroolen; 
ad when it is 20 minutes paſt VIII in the morn- 
ig at London, it is 8 minutes paſt III in the after- 
oon at Bencvolen. Therefore, in Fig. 4. Bencoolen 
ill be at Bat the time of Venus's total ingreſs as 


W orels begins. 
5 Draw Bi and 5E pirangd to venus 8 oc V. CO, 

nd meaſure them on the ſcale : the former will be 
7 2125 to be 2 for Venus's eaſtern «parallax in 
5 „ jongi- 


Een from the Earth's dentet; and at 5 wheti her 
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longitude at the time of her total ingreſs; and th 
latter to be 19” + for her weſtern parallax in long 
tude when her egreſs begins, as ſeen from th 
Earth's center. The firſt of theſe parallaxes giw 
z minutes 30 ſeconds (by the analogy in & 54.) U 
be added to IX hours 16 minutes, and the latte 
arallax gives 4 minutes 52 ſeconds to be ſubtrade 
from III hours 8 minutes; whence we have II 
hours 21 minutes 30 ſeconds for the time of toi 
ingreſs at Bencoolen: and III hours and 3 minus 
$ ſeconds for the time when the egreſs begins ther 
as affected by theſe two parallaxes. | 
59. Draw By and bm perpendicular to Venuyf 
orbit CO, and meaſure them on the ſcale 4} 
the former will be 5” for Venus's northern parally 
in latitude as ſeen from Bencoolen at the timed 
her total ingreſs ; and the latter will be 15” 2 fl 
her northern parallax in latitude when her egi 
begins. Take theſe parallaxes from the ſcale i 
Fig. 1. in your compaſſes, and ſet them off abon 
the central tranſit-line perpendicular to the 2 
of Venus's path; the former from the left hand 


k (Fig. 2.) to à in the arc N, and the latter f m 
the right hand of J to 5 in the arc 7; and du E 
4 Bb for the line of Venus's tranſit as ſeen fu a: 
Bencoolen: the center of Venus being at a, as ſen - 
from Rencoolen, at the moment of her total ingref ſu 
and at 4 at the moment when her egreſs begins. b 
But as ſeen from the: Earth's center, the cent ſe 
of Venus is at & in the former caſe, and at I in d 
latter: ſo that we find the line of the tranſit I 
longer as ſeen from Bencoolen than as ſeen, from til at 
Earth's center, which is the effect of Venus's nit 
thern parallax in latitude.— Take Ba in your con m 
paſſes, and ſetting that extent backward from 
toward g, on the central tranſit-line, you will f E 
it will reach two minutes beyond & thereon : att 
taking the extent B in your compaſſes, and ſe a 
ting it forward from ? towards ww, on the cenui t: 


tranſit-line, it Will be found to reach 3 minutt b 


1 1 
. 1 4 * 
* 
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beyond / thereon. Conſequently, if we ſubtract 
2 minutes from IX hours 21 minutes 30 ſeconds 


(above found) we have IX hours 19 minutes 30 


ſeconds, in the morning. for the time of total in- 

reſs as ſeen from Bencoolen: and if we add 3 mi- 
nutes to the above found III hours 3 minutes 8 
ſeconds, we ſhall have III hours 6 minutes 8 ſeconds 
after noon, for the time when the egreſs begins as 


| ſeen from Bencoolen. 


60. The whole duration of the tranſit, from 
total ingreſs to beginning of egreſs, as ſeen from- 


the Earth's center, is 5 hours 52 minutes (by & 40.) 
but the whole duration from total ingreſs to begin- 


ning of egreſs, as ſeen from Bencoolen, is only 5 
hours 46 minutes 38 ſeconds ; which is 5 minutes 


22 ſeconds leſs than as ſeen from the Earth's cen- 
ter: and this 5 minutes 22 ſeconds is the whole 


effe& of the parallaxes (both in longitude and 1a- 
titude) on the duration of the tranſit at Bencoolen. 
But the duration as ſeen at the mouth of the 
Ganges, from ingreſs to egreſs, is ſtill leſs; for it 
is only 5 hours 42 minutes 4 ſeconds: which is 9g 


minutes 56 ſeconds leſs than as ſeen from the 
Earth's center, and 4 minutes 34 ſeconds leis than 
as ſeen at Bencoolen. 


61. The ifland of St. Helena (to which only a 
ſmall part of the tranſit is viſible at the end) will 
be at I (as in Fig. 4.) when the egreſs begins as 
ſeen from the Earth's center. And ſince the mid- 
dle of that iſland is 69 weſt from the meridian of 
Lond:n, and the ſaid egreſs begins when the time 
at London is 20 minutes paſt VIII in the tnorning, 
it will then be only 56 minutes paſt VII in the 
morning at St. Helena. — 

Draw Ex parallel to Venus's. orbit “CO, and 


Ho perpendicular to it; and by meaſuring them on 


the ſcale AB (Fig. 3.) the former will be found to 
amount to 29” for Venus's eaſtern parallax in longi- 


tude, as ſeen from St. Helena, when her egreſs be- 
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gins as 1 N from the Farth's center; Alec che latter 
to be 6” for her northern parallax in latitude at 
that time. | 
By the analogy in § 54, this parallax of longitude 
gives Io minutes 2 ſeconds of time; which | being 


yy 
fo 


added (on account of it's being eaſtward) to VII L 
hours 56 minutes, gives VIII hours 6 minutes » 
ſeconds for the beginning of egreſs at &i. Helena, 
as affected by this parallax, —But 6” of parallax i 

latitude (applied as in the caſe of Bencoolen) length. te 
ens out the end of the tranſit- line by one minute; ¶ th 
which being added to VIII hours 6 minutes 2 mr 
ſeconds, gives VIII hours 5 minutes 2 ſeconds for di 

the beginning of egreſs, as ſeen from Sr. Helena. S6 
62. We ſhall now collect the above-mentioned | 

times into a ſmall table, that they may be feen at tri 

once, as follows. M ſignifies morning, 4 afternoon, a 

ov 

Total ingreßß. Beg. of egreſs. Duration. of 

7 H. M. 88 f. M. 8. H. M. 8. In 

The Earth's center II 28 M VEHI 20 OM. 5 52 of MN: 

'} London = -- =» Invifible. AI VIII 17 41Mj— — —- 

At) The Ganges mouth VIII 30 15 "TE. 12 201 £43 4 on 

| Bencoclen = - = IX 19 30 I 6 84| 5 46 38 Wd 

St. Helena 1 M. VLI 7 21 — — — ag 

W pa 
63. The times at the three laſt-mentioned places 7 Pe 
are reduced to the meridian of London, by ſub- Wi tu 

tracting 5 hours 56 minutes from the times of in- WF ol 
greſs and egreſs at the Ganges; 6 hours 48 minutes tit 

from the times thereof at Hencoolen; and adding l. 

24 minutes to the time of beginning of egreſs 1 V. 
= Chis abyariohs as ſeen 1 the Earth's center, is on ſup- m 

poſition that the ſemidiameter of Venus would be found equal 

| to 37 zu on the Sun's diſc, as tated by Dr. Halley (ſee Art. V. ce 

= $ >1.) to which all the other durations are accommodated,— 10 
| | Bat, from later obſervations, it 1s highly probable, that the 

ſemidiameter of Venus will be found not to exceed 30 on the th 

5 Sun; and if ſo, the duration between the two internal con- 8 v 

5 ta s, as ſcen from the Earth's center, will be 5 hours 58 . 

minutes; and the durations, as ſeen from the above- men tioned = at 

th 


places, will be lengthened very nearly in the ſame proportion. 
5 df, 


ter 


of the Planets from the. Sun. 


9. Helens : and being thug reduced, they are as. 
follows: 


Total 3 Peg. of egreſs. 
H. M. . H. M. 8. 


Bencoclen II 31 30 M. VIII 18 8M. 


London | 
| Sr. Helena —— . AM: VIII 31 2M. 


for 


64. All this is on ſuppoſition, that we have the 
true Tongitudes of the three laft- mentioned places, 


that the Sun's horizontal parallax 1 1s 12” 2 that the 
uue latitude of Venus is given, and that ber ſemi- 


diameter will ſubtend an A of 27-3 2 on the 


| Sun! 8 diſc. 


As for the "EST OY we muſt ſuppoſe them 
true, until the obferyers aſcertain them, which is 


a very important part of their buſineſs; and with- 
out which they can by no means find the interval 
Jof abſolute time that elapſerh between either the 
© ingreſs or egreſs, as feen from any two given places: 


and there is much greater dependance to be had 


Jon this elapſe, than upon the whole contraction of 
duration at any given place, as it will undoubtedly 
afford a ſurer bats for determining the Sun's 


parallax. 
63. I have good Fein to believe, that the lati- 


8 tude of V enus, as given in 31, will be found by 

obſervation to be very near the truth; but that the 
time of conjunction there mentioned will be found 
© later than the true ime by almoſt 5 minutes; that 


Venus's ſemidiameter will ſubtend an angle of no 


more than 20” on the Sun's diſc; and That the 


middle of her tranfit, as ſeen from the Earth's 


W center, will be at 24 minutes after Vin the morn- 


ing, as reckoned by the equal time at London, 


3 66. Subtract VIII hours 17 minutes 41 ſeconds, 
the time when the egreſs begins at London, from 


VIII hours 31 minutes 2 ſeconds, the timereckoned 
at London when the egreſs begins at S:. Helena, and 
there will remain 13 minutes 21 ſeconds (or 801 

8 ſeconds) 


Times at 18 mouth- II 34 18 N. VIII 16 19/7. 2 
* as above. 
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parallax 12” £, and the quotient will be 64 ſecond 


time for every half ſecond of the Sun's parallax; 


parallax, the arc is not ſenſibly different fron 


; planet Mercury with the Sun's edge ſo exact); 
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ſeconds) for their difference, or elapſe, in abſolute 

time, between the beginning of egreſs as ſeen from 

me ro places, -: - |: | 
Divide this elapſe of 801 ſeconds by the Sun) 


and a ſmall fraction. Sq that for each ſecond of 
a degree in the Sun's horizontal parallax (ſuppoſ 
ing it to be 12) there will be a difference or elapſe 
of 64 ſeconds of abſolute time between the begin- 
ning of egreſs as ſeen from London, and as ſeen 
from St. Helena: and conſequently 32 ſeconds of 


16 ſeconds of time for every fourth part of: 
ſecond of the Sun's parallax; 8 ſeconds of time 
fot the eighth part of a ſecond of the Sun's paril. 
lax; and full 4 ſeconds for a ſixteenth part of the 
Sun's parallax. . 

For, in ſo ſmall an angle as that of the Sun' 


either it's ſine or it's tangent : and therefore, thi 
quantity of this parallax is in direct proportion 1 
the abſolute difference in the time of egreſs ariſing 
from it, at different parts of the Farth. 

67. Therefore, when this difference is aſcertainet 
by good obſervations, made at different places, and 
compared together, the true quantity of the Sun) 
parallax will be very nearly determined. For, 
fince it may be preſymed that the beginning d 
egreſs can be obſerved within 2 ſeconds of it's red 
time, the Sun's parallax may be then found within 
the 32d part of a ſecond of it's true quantity; 
and conſequently, his diſtance may be found within 
a 400th part of the whole, provided his parallu 
be not leſs than 122; for 32 times 122 is 400. 

68. But ſince Dr. HALL y has aſſured us, tha 
he had obſerved the two internal contacts of thi 


— 


4 
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as not to err one ſecond in the time thereof, w 


may well imagine that the internal contacts oi 


- @_ 


Venus with the Sun may be obſerved with *i 
—— pan | | ore 


of the Planets from the Sun. 


ſolute interval between the moments of her be- 


. Helena, true to a ſecond of time; and if ſo, the 


In's f 3 

nds un's parallax may be determined to the 64th part 
apf a ſecond, provided it be not lefs than 12 23 
of. d conſequently his diſtance may be found, within 
pſe rs 800th part, for 64 times 124 is 800: which 
in. ss ſtill nearer the truth than Dr. HALLE V expected 
en it might be found, by obſerving the whole dura- 
of WW [tion of the tranſit in the Eaſt-Indies and at Port- 
x; Nein. So that our preſent Aſtronomers have ju- 
f , WT [diciouſly reſolved to improve the Doctor's method, 


by taking only the interval between the abſolute 
times of it's ending at different places. If the 
Sun's parallax be greater or leſs than 120%, the 


beginning of egreſs at London and St. Helena will 


$801 ſeconds accordingly. 

| 69. There will alſo be a great difference between 
the abſolute times of egreſs at St. Helena and the 
northern parts of Ruſſia, which would make theſe 
places very proper for obſervation. The difference 
between them at Tobolſe in Siberia and at St. Helena 
will be 11 minutes, according to De L'IsLUE's map: 
at Archangel it will be but about 40 ſeconds leſs 
than at Tobol ; and only a minute and a quarter 
leſs at Peter/burgh, even if the Sun's parallax be 
no more than 10". At Wardbus the fame ad- 


if the obſervers could go till farther to the eaſt, 
as to Zakoutſk in Siberia, the advantage would be 
ſtill greater; for, as Mr. Ds L'IsLE very juſtly 
obſerves, in a memoir preſented to the French king 
with his map of the tranſit, the difference of time 
between Venus's egreſs from the Sun at Yakoutſk 
and at the Cape of Good Hope will be 133 minutes. 
70. This method requires that the longitude of 
each place of obſervation be aſcertained to the 

LO Hh 4 _ greateſt 


reat accuracy. So that we may hope to have the 


inning of egreſs, as ſeen from London and from 


elapſe or difference of abſolute time between the 


be found by obſervation to be greater or leſs than 


vantage would nearly be gained as at Tobol/# : but 
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greateſt degree of nicety, and that each obſcrver's 
clock be exactly regulated to the equal time at bi 
place: for without theſe particulars it would be 
1mpoſſible for the obſervers to reduce the times to 
thoſe which are reckoned under any given mer. 
dian; and without reducing the obſerved times of 
egreſs at different places to the time at ſome given 
place, the abſolute time that elapſeth berween the 
egreſs at one place and at another could not be 
found. But the longitudes may be found, by ob. 
ſerving the eclipſes of Jupiter's ſatellites; and 3 
true meridian, for regulating the clock, to the time 
at any place, may be had, by obſerving when anf 
given ſtar, within 20 or 30 degrees of the pole, is 
ſtationary, with regard to it's azimuth, on the eaf 
and weſt ſides of the pole: the pole itſelf being 
the middle point between theſe two ſtationary po- 
ſiti the ſtar. And it is not material for the 
obſervers to know exactly either the true angular 
meaſure of the Sun's diameter, or of Venus's S, in 
this cale; for whatever their diameters be, it will 
make no ſenſible difference in the obſerved interval 
between the fame contact, as ſcen from different 
places. | 

71. In the geometrical conſtruction of tranſits, 
the ſcale 41 B (Eig. 3. of Plate XVI.) may be di- 
vided into any given number of equal parts, an- 
ſwering to any "aſſumed quantity of Venus's hori- 
zontal parallax from the Sun (which is always the 
difference between the horizontal parallax of Venus 
and that of the Sun) provided the whole length of 
the ſcale be equal to the ſemidiameter of the Earth's 
diſc in Fig. 4.—Thus, if we ſuppoſe Venus's hori- 
Zontal parallax from the Sun to be only 26” (in- 
ſtead of 31") in which caſe the Sun's horizontal 
parallax muſt be 10“. 3493, as in & 20, the reſt of 


the projection will anſwer to that ſcale : as C D, : 


which contains only 26 equal parts, is the fame 
length as AB, which contains 31. And by work- 
ing i in all other reſpects as taught from 5 45 to 
862, 
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of the Planets from the Sun. | 


$ 62, you will find the times of total ingreſs and 
beginning of egreſs; and conſequently, the dura- 
tion of the tranfit at any given place, which muſt 
reſult from ſuch a parallax. _ 

72. In projections of this Kind, it may be eaſily 
conceived, that a right line paſſing continually 


through the center of Venus, and a given point of 


the Earth, and produced to the Sun's diſc, will 
mark the path of Venus on the Sun as ſeen from 
the given point of the Earth: and in this there are 
three caſes. 1. When the given point is the 
Earth's center, at which there is no parallax, either 


| in longitude or latitude. 2. When the given point 


is one of the. poles, where there is no parallax of 
longitude ; but a parallax of latitude, whoſe quan- 


tity is eaſily determined, by letting fall a perpen- 


dicular from the pole upon the plane of Venus's 
orbit, and ſetting off the parallax of latitude on 
this perpendicular: and here, the polar tranſit- lines 


will be parallel to the central; as the poles have 


no motion ariſing from the Earth's diurnal rota- 


| tion. 3. The laſt caſe is, when the given point of 


the Earth is any point of it's ſurface, whoſe lati- 
tude is leſs than go degrees: then there is a paral- 
lax in latitude proportional to the perpendicular. 
let fall upon the aboveſald plane, from the given 
point; and a parallax in longitude proportional to 
the perpendicular let fall upon the axis of that 
plane, from the faid given point. And the effect 
of this laſt will be to alter the tranſit-line, both in 
polition and length; and will prevent it's being 
parallel to the central tranſit-line, unleſs when it's 


: | axis and the axis of the Earth coincide, as ſeen 
from the Sun; which is a thing that may not hap» 
pen in many ages. - 


ARTICLE 
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Concerning the map of the tranſit. Plate XVI . 


93. The title of this map, and the lines drawn 
upon it, together with the words annexed to theſe 
lines, and the numbers [hours and minutes] on 
the dotted lines, explain the whole of it ſo well, 
that no farther deſcription ſeems requiſite. 

74. So far as I can examine the map by a good 
globe, the black curve lines are in general pretty 
well Jaid down, for ſhewing at what places the 
tranſit will begin, or end, at ſun-riſing or ſun-ſet- 
ting, to all thoſe places through which they are 
drawn, according to the times mentioned in the 
map. Only I queſtion much whether the tranſit 
will begin at ſun-riſe to any place in Afrita, that is 


| welt of the Red-Sea; and am pretty certain that 


the Sun will not be riſen to the northmoſt part of 
Madagaſcar when the tranſit begins, as M. Ds 
L'IsLE reckons the firſt contact of Venus with the 
Sun to be the beginning of the tranſit. So that 
the line which ſhews the entrance of Venus in the 


Sun's diſc at ſun- riſing, ſeems to be a little too far 


welt in the map, at all places which are ſouth of 
Aſia Minor: but in Europe, I think it is very well. 
75. In delineating this map, I had M.Dz L'[sLz's 
map of the tranſit before me. And the only dif- 
ference between his map and this is, 1. That in his 


map, the times are computed to the meridian of 


Paris; in this they are reduced to the meridian of 
London. 2. 1 have changed his meridional pro- 
jection into that of the equatorial; by which, | 

apprehend, that the black curve lines, ſhewing at 
what places the tranſit begins, or ends, with the 
riſing or ſetting Sun, appear more natural to the 
eye, and are more fully ſeen at once, than i in the 
map from which I copied: for, in that map, the 


lines are interrupted and broke in the meridian 
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be Planets from the Sun, _ 
that divides the hemiſpheres; and the places where 
they ſhould join cannot be perceived fo readily by 
thoſe who are not well ſkilled in the nature of ſte- 
reographical projections.— The like may be ſaid 
of many of the dotted curve-lines, on which are 
expreſſed the hours and minutes of the beginning 
or ending of the tranſit, which are the abſolute 
times at theſe places through which the lines are 
drawn, computed to the meridian of London, 
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Containing an Account of Mr. Hor rox's Obſervation 

= of the Tranſit of Venus over the Sun, in the Year 
| 16393 4s it is publiſhed in the Annual Regiſtep 

for the Year 1761. | 1 


| 76. When Kepler firſt conſtrued his (the Ru- 
WW dolphine) Tables upon the obſervations of Yycho, 
| he ſoon became ſenſible that the Planets Mercury 
and Venus would ſometimes paſs over the Sun's 
diſc ; and he predicted two tranſits of Venus, one 
for the year 1631, and the other for 1761, ina 
tract publiſhed at Leipſick in 1629, entitled, Ad- 
nonitio ad Aſtronomos, &c. Kepler died ſome days 
before the tranſit in 16 31, which he had predicted 
was to haye happened. Gaſſendi looked for it at 
Paris, but in vain (ſee Mercurius in Sole viſus, & 
Venus inviſa.) In effect, the imperfect ſtate of the 
Rudolphine Tables was the cauſe that the tranſit | 
was expected in 1631, when none could be ob- 5 
ſerved; and thoſe very tables did not give reaſon 
FR: ap one in 1639, when one was really ob- 
rved. „ 
When our illuſtrious countryman Mr. Horrox 
firſt applied himſelf to Aſtronomy, he computed 
Ephemerides for ſeveral years, from Lanſſergius's 
Tables. After continuing his labours for ſome 
time, he was enabled to diſcover the imperfection 
of theſe tables; upon which he laid aſide his work, 
EO en eo intending 


26, 1629, 
'and earneſtly defired him to make whatever obfer- 
vation he poſſibly could with his teleſcope, parti- 


The 2 of fonding the De Ronen 


intending to determine the poſitions of the. ſtars 


from his own obſervations. But that the former 
pt of his time ſpent in calculating from Lay: 


45 might not be thrown away, he made uſe of 


his Ephhenherides to point out to him the ſituations 
of the planets. 


would happen; and prepared himſelf with the 
greateſt care to obſerve them. 
Hence he was encouraged to wait "W the impor- 


tant obſervation of the tranſit of Venus in the year 


1639; and no longer thought the former part of 
his time miſpent, ſince his attention to Zauſbergiuss 


Tables had enabled him to diſcover that the tr̃anſi 


would certainly happen on the 24th of November. 


However, as theſe tables had ſo often deceived 


him, be was unwilling to rely. on them entirely, 
but conſulted other tables, and particularly thoſe 
of Kepler, accordingly, in a letter to his friend 
William Crabtree of Mancheſter, dated Hool, October 
he communicated his diſcovery to him, 


cularly to meaſure the diameter of the planet Ve- 


nus; which, according to Kepler, would amount 


to 7 minutes of a degree, and according to Lan: 
bergius to 11 minutes; but which, according to 
his own proportion, he expected it would hardly 
exceed one minute. He adds, that according to 
Kepler, the conjunction will be November 24, 1639, 
at 8 hours 1 minute A. M. at Mancheſter, and that 
the planet's latitude would be 14 10” ſouth ; but 
according to his own corrections, he expected it to 


happen at 3 hours 57 min. P. M. at Mancheſter, with b 


10 ſouth latitude. But becauſe a ſmall alteration 


in Kepler's numbers would greatly alter the time 
of conjunction, and the quantity of the planets 
| latitude, he adviſes to watch the whole day, and 
even on the Preceding affernoon, and the Tmorning 


8 Ty” OM 


From hence he foreſaw when their 
conjunctions, their appulſes to the fixed ſtars, and 
the moſt remarkable phenomena in the heaven 


e the Planets from the Sun; 


+ Wl of the 24th, though he was entirely of opinion that 
r WW the tranſit would happen on the 24th. © 
Alfter having fully weighed and examined the 
f ll feveral erholt of obſerving this uneommon phe- 
x nomenon, he determined to tranſmit the Sun's 
r image through a teleſcope into a dark chamber, 
| WT cather than through a naked aperture, a method 
$ greatly commended by Kepler; for the Sun's image 
e s not gwen ſufficiently large and diſtin& by the 
latter, unlefs at a very great diſtance from the aper- 
dure, which the narrownels of his fituation would 
robot allow of; nor would Venus's diameter be well 
f Wl defined, unleſs the aperture were very ſmall; 
; WE whereas his teleſcope, which rendered the ſolar 
t pots diſtinctly viſible, would ſhew him Venus's 
: diameter well defined, and enable him to divide the 
DDD TTEoTTTTCT 
: He deſcribed a circle on paper which nearly 
e equalled fix inches, the narrowheſs of the place not 
| allowing a larger fize; but even this fize admitted 
7 MW diviſions ſufficiently accurate; © He divided the cir- 


cumference into 360 degtees, and the diameter 


into 4, and the whole therefore into 120. The 


„ ſubdiviſion might have ſtill been carried farther, 
t but he truſted rather to the accuracy and niceneſs 
. of his eye. 556 " 1 

When the time of obſervation drew near, he 
aqjuſted the apparatus, and cauſed the Sun's diſ- 
o unct image exactly to fill the circle on the paper; 


: and though he could not expect the planet to enter 
Wupon the Sun's diſc before three o'clock in the 


t {afternoon of the 24th, from his own corrected 
numbers, upon which he chiefly relied; yet, be- 
1 rauſe the calculations in general from other tables 
n ave the time of conjunction much ſooner, and 
e ome even on the 23d, he obſerved the Sun from 
be time of it's riſing to nine o'clock; and again, 
d little before ten; at noon, and at one in the after- 
? oon: being called in the intervals to bulineſs - 
1 the 


into 30 equal parts, each of which were ſubdivided 


x 
4 78 
. * L 
* , o ” 


the higheſt moment, which he could not negleg 
But in all theſe times he ſaw nothing on the 8 
face, except ont ſmall ſpot, which he had ſeen «lf 
ſaw on ſome of the following days. 
his obſervations, the clouds were entirely diſperſed, 
and invited him to ſeize this favourable occafio, 
way; for he then beheld the moſt agreeable ſigh, 
guine wiſhes, of an unuſual ſize, and of a perfed 
circular ſhape, juſt wholly entered upon the Sun 


contact. He was immediately ſenſible that thi 


23 within the dark chamber, where th 
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unt 
the preceding day; and which alſo he afterwar 
But at 3 hours 15 minutes in the afternooy, 


which was the firſt opportunity he had of repeatiny 


which ſeemed to be providentially thrown in lu 


F_.-xX }L A 1 A.qaO 


a ſpot, which had been the object of his moſt ſax 


diſc on the left ſide; ſo that the limbs of the Sw 
and Venus perfectly coincided in the very point i 


ſpot was the planet Venus, and applied him 
with the utmoſt care to proſecute his obſervations, ſ 

And, Firſt, with regard to the inclination, Mi 
found, by means of a diameter of the circle ſet perf 
pendicular to the horizon, the plane of the cit. 
being ſomewhat reclined on account of the Suni 
altitude, that Venus had wholly entered upon ti: 
Sun's diſc, at 3 hours 15 minutes, at about 60 
30' (certainly between '609 and 65 from the ver 
tex toward the right hand. (Theſe were the zy 


un's image and motion of the planet thereon wer 
both inverted and reverſed.) And this inclination 
continued conſtant, at leaſt to all ſenſe, till he ha 
finiſhed the whole of his obſervation. b 
Secondly, The diſtances obſerved afterward be 
tween the centers of the Sun and Venus were 4M 
follows. At 3 hours 15 minutes by the clock, ti 
diſtance was 14” 24”; at 3 hours 35 minutes, ti 
diſtance was 13 go”; at 3 hours 45 mi u 
diſtance was 13' oO”, The apparent ti fu 
ſetting was at 3 hours 50 minutes—the ory 5 
; 3 noun 
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ee 3 hours 45 minutes —refraction keeping the Sun 


above the horizon for the ſpace of 5 minutes. 
1 Thirdly, He found Venus's diameter, by repeated 
a obſervations, to exceed a thirtieth part of the Sun's 

diameter, by a ſixth, or at moſt a fifth ſubdiviſion; 
on WF —The diameter therefore of the Sun to that of 
ing Venus may be expreſſed, as 30 to 1.12, It cer- 
tainly did not amount to 1.30, nor yet to 1. 20. 
on, And this was found, by obſerving Venus as well 
u when near the Sun's limb, as when farther removed 


bY from it. ye I ND 

an- The place where this obſervation was made, was 
a an obſcure village called Hool, about 15 miles 
e northward of Liverpool. The latitude of Liverpool 
zu had been often determined by Horrox to be 53* 2003 


and therefore, that of Hool will be 53% 25%. The 
longitude of both ſeemed to him to be about 229 
30 from the Fortunate 1/iands; that is 149 15" to 
the weſt of Uraniburg. 

Theſe were all the obſervations which the ſhort- 
WT neſs of the time allowed him to make upon this 
WW moſt remarkable and uncommon ſight ;- all that 
could be done however in ſo {mall a ſpace of time, 
he very happily executed; and {ſcarce any thing 
We farther remained for him to deſire. In regard to 
the inclination alone, he could not obtain the ut- 

W moſt exactneſs; for it was extremely difficult, from 
the Sun's rapid motion, to obſerve it to any cer- 


feſſes that he neither did, nor could poſſibly perform 
it. The reſt are very much to be depended upon; 
and as exact as he could wiſh. 


had deſired to obſerve this tranſit, and who in ma- 
thematical knowledge was inferior to few, very 
W readily complied with his friend's requeſt; but 
the ſky was very unfavourable to him, and he had 
only one fight of Venus on the Sun's diſc, which 
was about 3 hours 35 minutes by the clock; the 


clouds 3 


W tainty within the degree. And he ingenuouſly con- 


Mr. Crabtree, at Mancheſter, whom Mr. Horror 


Sun then, for che firſt time, breaking out from the 
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clouds; at which time, he ſketched out Venus“ 


ſitvation upon paper, which Herre found to coin: | 


cide with his own obſervations. - | 
Mir. Herrox, in his treatiſe on this ſubject, pub. 
liſhed by Hevelias, and from which almoſt the 
whole of this account has been colle&ed, hopes 
for pardon from the aſtronomical world, for not 
making his intelligence more publick ; but his 
diſcovery was made too late. He is defirous hoy: 
ever, in the ſpirit of a true philoſopher, that other 
aſtronomers were happy enough to obſerve it, who 
might either confirm or correct his obſervations, 
But ſuch confidence was repoſed in the tables at 
that time, that it does not appear that this tranſit 
of Venus was obſerved by any befides our two in- 
genious countrymen, who profecuted their aſtro- 
nomical ftudies with ſuch eagerneſs and preciſion, 
that they muſt very ſoon have brought their fa- 
vourite ſcience to a degree of perfection unknown 
at thoſe times. But unfortunately Mr. Horrox died 
on the 3d of January 1640-1, about the age of 
25, juſt after he had put the laſt hand to his trea- 
tiſe, entitled, Venus in Sole viſa, in which he ſhews 
himſelf to have had a more accurate knowledge 
of the dimenſions of the Solar Syſtem than his 
learned commentator Hevelins,—— 80 far the An 
nua Regiſter, | f 5 

In the year 1691“ Dr. HALLE gave in a papet 
upon the tranſit of Venus (See Lowthorpe's Abridge- 
ment of the Philoſophical Tranſactions, pag. 4 14.) 
in which he obſerves, from the tables then in uſe, 
that Venus returns to a conjunction with the Sun 
in her aſcending node in a period of 18 years, 
wanting 2 days 10 hours 52 minutes; but that 
in the ſecond conjunction ſhe will have got 24 41 
farther to the ſouth than in the preceding. That 
after a period of 235 years 2 hours 10 minutes 9 
feconds, ſhe returns to a conjunction more to the 
north by 11” 33” ; and after 243 years, wanting 43 
| * Sec the Connoiſance des Temps for A. D. 1761. 
minutes, 
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minutes in a point more to the ſouth by 13 9”. 
But if the ſecond conjunction is in the year next 


after leap year, it will be a day later. 


The intervals of the con junctions at the deſcend- 
ing node are ſomewhat different. The ſecond hap- 


pens in a period of 8 years, wanting 2 days 6 hours 


55 minutes, Venus being got more to the north 


by 19' 58”. Affer 235 years 2 days 8 hours 18 


Fd 4. 


minutes, ſhe is 9 21“ more ſoutherly : only, if the 
firſt year is a biſſextile, a day muſt be added. And 
after 243 years o days 1 hour 23 minutes, the 
conjunction happens 10“ 37“ more to the north; 
and a day later, if the firſt year was biſſextile. It is 


| ſuppoſed, as in the old ſtile, that all the centurial 


years are biſſextiles. | 

Hence, Dr. HALLEVY finds the years in which a 
tranſit may happen at the aſcending node, in the 
month of November (old ſtile) to be theſe—g18, 
1161, 1396, 1631, 1639, 1874, 2109, 2117: and 
the tranſits in the month of May (old ſtile) at the 
deſcending node, to be in theſe years—1048, 
1283, 1518, 1526, 1761, 1769, 1996, 2004. 

In the firſt caſe, Dr. HaLLey makes the viſible 
inclination of Venus's orbit to beg® 5}, and her 
horary motion on the Sun 4 7“. In the latter, 
he finds her viſible inclination to be 8” 28”, and 
her horary motion 4 0”. In either caſe, the greateſt 
poſſible duration of a tranſit is 7 hours 56 minutes. 

Dr. HALLEY could even then conclude, that if 
the interval in time between the two interior ok 
tacts of Venus with the Sun could be meaſured to 
the exactneſs of a ſecond, in two places properly 
ſituated, the Sun's parallax might be determined 


within it's goodth part, —But ſeveral years after, 


he explained this affair more fully, in a paper 
concerning the tranſit of Venus in the year 17613 
which was publiſhed in the Philoſophical Tranſ- 
actions, and of which the third of the preceding 
articles is a tranſlation ; the original having been 
Wrote in Latin by the Doctor. | 
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Containing a ſhort account of ſome obſervations of th 


- Tranſit of Venus, A. D. 1761, June 6th, New 
Stile; and the diſtances of the planets from th 
Sun, as deduced from thoſe obſervations. 7 

Early. in the morning, when every aſtronomer 
was prepared for obſerving the, tranſit, it unluckily 
happened, that both at Lenden, and the Royal Ob. 


ſervatory at Greenwich, the ſky was ſo overcaſ 
with clouds, as to render it doubtful whether any 
part of the tranſit ſhould be ſeen: and it was 4{ 


minutes 21 ſeconds paſt 7 o'clock (apparent time) 
at Greenwich, when the Rev. Dr. B45, our Aſtro. 
nomer Royal, firſt ſaw: Venus on the Sun; at which 


Inſtant, the center of Venus preceded the Sun' 


center by 6 18.9 of right aſcenſion, and was ſouth 
of the Sun's center by 18” 42”.1 of declination.— 
From that time to the beginning of egrels the 
Doctor made ſeveral obſervations, both of the dif. 
ference of right aſcenſion and declination of the 
centers of the Sun and Venus; and at laſt found 


the beginning of egreſs, or inſtant of the internal if 


contact of Venus with the Sun's limb, to be at 8 


hours 19 minutes o ſeconds apparent time.—From 
the Doctor's own obſervations, and thoſe which 
| were made at Shirburn by another gentleman, he 
has computed, that the mean time at Greenwich of 
the ecliptical conjunction of the Sun and Venus 
was at 51 minutes 20 ſeconds after 5 o'clock 
in the morning; that the place of the Sun and 
Venus was 1 (Gemini) 159 30 34”; and that the 


geocentric latitude of Venus was 9 447.9 ſouth.— 


her horary motion from the Sun 5” 57.13 retro. 
grade; —and the angle then formed by the axis of 
the equator, and the axis of the ecliptic, was 6 
& 34”, decreaſing hourly 1 minute of a degree. 
By the mean of three good obſervations, the dia: 


meter of Venus on the Sun was 58”, _ 1's 


ne MB 
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1 of e Planets . rom the Sun. 
Mr. Short made his obſervation at Savile-Houſe, 


in London, 30 ſeconds in time weſt from Greenwich, 


in preſence of his royal highneſs the duke of York, 
accompanied by their royal highneſſes prince 
William, prince Henry, and prince Frederick He 
firſt ſaw Venus on the Sun, through flying: clouds, 
at 46 minutes 37 ſeconds after 5 o'clock ; and at 
6 hours 15 minutes 12 ſeconds he meaſured the 
diameter of Venus 597.8.—He afterward. found it 
to be 587.9 when the ſky was more favourable.— 

And, through a reflecting teleſcope of two feet 
focus, magnifying 140 times, he found the internal 
contact of Venus with the Sun's limb to be at 8 
hours 18 minutes 2 14 ſeconds, apparent time; 


which, being reduced to the apparent time at 
Greenwich, was 8 hours 18 minutes 5314 ſeconds : 


ſo that his time of ſeeing the contact was 8 ſeconds 
ſooner (in abſolute time) than che inſtant of it's be- 
ſeen at Greenwich. 

Meſſrs. Ellicott and Dolond obſerved the inter- 
nal contact at Hackney, and their time of ſeeing it, 
reduced to the time at Greenwich, was at 8 hours 
18 minutes 56 ſeconds, which was 4 ſeconds ſooner 
in abſolute time than the contact was ſeen at Green- 
Wich. 

Mr. Canton, in Spittle-Square, London, 4 11 weſt 


of Greenwich, (equal to 16 ſeconds 44 thirds of 


74 74. 


time) meaſured the Sun's diameter 31 33 
and the diameter of Venus on the Sun 58”; and 


| by obſervation found the apparent time of the in- 


ternal contact of Venus with the Sun's limb to be 


at 8 hours 18 minutes 41 ſeconds; which, by re- 
duction, was only 24 ſeconds ſhort of the time at 


the Royal Obſervatory at Greenwich. 

The Reverend Mr. Richard Haydon, at Leſteard, 
in Cornwall (16 minutes 10 ſeconds in time welt 
irom London, as ſtated by Dr: Bevis) obſerved the 
Internal contact to be at 8 hours o minutes 20 
ſeconds, which by reduction was 8 hours 16 minutes 


= 39 leconds at Greenwich : ſo that he muſt have ſeen 
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it 2 minutes 30 ſeconds ſooner in abſolute time 


than it was ſeen at Greenwich—a difference by 
much too great to be occalioned by the difference 
of parallaxes. But by a memorandum of Mr. 
Haydon's ſome years before, it appears that he then 
ſuppoſed his weſt longitude to be near two minutes 
more; which brings his time to agree within half 
a minute of the time at Greenwich; to which the 
parallaxes will very nearly anſwer. _ 

At Stockholm Obſervatory, latitude. 59“ 204 
north, and longitude 1 hour 12 minutes eaſt from 
Greenwich, the whole of the tranſit was viſible: 
the. total ingreſs was obſerved by Mr. Wargentin 
to be at 3 hours 39 minutes 23 ſeconds in the 
morning, and the beginning of egreſs at g hours 
30 minutes 8 ſeconds: ſo that the whole duration 
between the two internal contacts, as ſeen at that 
place was 5 hours 50 minutes 45 ſeconds. 

At Torneo in Lapland (1 hour 27 minutes 28 


Teconds eaſt of Paris) Mr. Heliant, who is eſteemed 


a very good obſerver, found the total ingreſs to be 
at 4 hours 3 minutes 59 ſeconds ; and the begin- 


ning of egreſs to be 9 hours 54 minutes 8 ſeconds, ' 


— So that the whole duration between the two in- 


| ternal contacts was 5 hours go minutes g ſeconds. 


At Hernoſand, in Sweden (latitude 6 38“ north, 
and longitude 1 hour 2 minutes 12 ſeconds eaſt of 
Paris) Mr. Gifter obſerved the total ingreſs to be 
at 3 hours 38 minutes 26 ſeconds; and the begin- 
ning of egreſs to be at 9 hours 29 minutes 21 


ſeconds—'i he duration between theſe two internal 


contacts 5 hours 30 minutes 56 ſeconds, 
Mr. De la Lande, at Paris, obſerved the begin- 
ning of egreſs to be at 8 hours 28 minutes 26 


ſeconds apparent time. But Mr. Ferner (who was 
then at Conflans, 14% welt of the Royal Obſerva- 


Sz 
tory at Paris) obſerved the beginning of egreſs to 
be at 8 hours 28 minutes 29 ſeconds true — 
The equation, or difference between the true and 


5 apparent 
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8 time, was 1 minute 54 ſeconds.— The 
total ingreſs, —_— before the Sun roſe, could not 
be ſeem zs i 

At. Tobolſe, io Siberia, Mr. Chappe obſerved ie 


total ingrels/to-be at 7 hours o minutes 28 ſeconds 
in the morning. and the beginning of egreſs to be 


at 49 minutes 204 ſeconds after 12 at noog.— 80 
that the whole duration of the tranſit between the 
internal contacts was 5 hours 48 minutes 524 fe- 

conds, as ſeen at that place: which was 2 minutes 
3; ſeconds leſs than as ſeen at Hernoſand in Sweden.” 

At, Madraſi, the Reverend Mr. Hirſt obſerved 
the total ingreſs to be at 7 hours 47 minutes 55 
ſeconds apparent time in the morning; and the 


beginning of egreſs at 1 hour 39 minutes 38 ſeconds 
| paſt noon.— I he duration between theſe two inter- 


nal contacts was 3 hours 31 minutes 43 ſeconds. 
Profeſſor Mathenci at Bolegna obſerved the der 
ginning of grels to * at 9 Hours: 4 minutes 1 


ſeconds. 312 0 10 
13 Calas n 229 300 a nearly 92% 
| eaſt longitude from London) Mr. William" Magee 


obſerved the total ingreſs to be at 8 hours 20 


minutes 58 ſeconds in the morning, and the begin- 


ning of egreſs to be at 2 hours 11 minutes 34 
ſeconds in the afternoon. The duration betweef the 


| two internal contacts 5 hours go minutes 36 ſeconds. 
At the Cape f Good Hope (i hour 13 minutes 38 


ſeconds eaſt from Greenwich) Mr. Maſon obſerved 
the beginning of egreſs to be atg hours 39 minutes 
50 ſeconds in the morning. 

All theſe times are collected 1 the en, 
accounts, printed in the Philoſophical Tranſactions 
for the years 1762 and 1763, in which there are 
ſeveral other accounts that I have not tranſcribed. 


—The inſtants of Venus's total exit from the Sun 
are likewiſe mentioned, but they are here left out, 
as not of any uſe for Finding the Sun's parallax. 

Wboever compares theſe times of the internal 
4 contaſts, as given in by different obſervers, will find 
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ſuchdifference among them, even thoſe which were 
taken upon the ſame ſpot, as will ſnew, that the in- 
ſtant of either contact could not be ſo accurately 
perceived by the obfervets as Dr. HALLE thought 
it could: which probably ariſes from the difference 
of people's eyes, and the different magnifying 
powerg f thoſe teleſcopes through which the con- 
tacts were ſeen, —If all the obſervers had made 
uſe of equal magnifying powers, there can be no 
doubt but that the times would have more nearly 
coincided : fince it is plain, that ſuppoſing all their 
eyes to be equally quick and good, they who: 
teleſcopes magnified moſt, would perceive the 
point of internal contact ſooneſt, bs 6h on ol 
exit lateſt, 

Mr. Short has eh incredible! deal of pains 
in deducing the quantity of the Sun's parallax, 
from the beſt of thoſe obſervations Which were 
made both in Britain and abroad: and finds it to 
have been 8“. 5 2 on the day of the tranſit, when 
the Sun was very nearly at his greateſt diſtance 
from the Earth; and conſequently 87/65 when the 
Sun is at his mean diſtance from the Earth.—And 
indeed, it would be very well worth every curious 
perion's while, to purchaſe the ſecond part of Vo- 
lume LII of the Philoſophical Tranſactions, for 
the year 1763 even if it contained nothing more 
than Mr. Short's paper on that ſubjec. 

The log. ſine (or tangent) of 8.65 is 5. 62 79140, 
which being ſubtracted from the radius 10.0000006, 
leaves remaining the logarithm 4. 3780860, whole 
number is 2388284 which is the number of 
ſemidiameters of the Earth that the Sun is diſtant 
from it. -And this laſt number, 23882. 84, being 
multiplied by 3985, the number of Engliſh miles 


contained in the Earth's femidiameter, gives 


95,173,127 miles for the Earth's mean diftance 
from the Sun.---But becauſe it is impoſſible, from 
the niceſt obſervations of the Sun's parallax, to be 


ſure of it's true Giltance from the Earth within 100 


miles, 
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re Giles we ſhall at preſent, for the ſake of round 
1- numbers, ſtate the Earth's mean diſtance from the 


y Sun at 98, 173, 00 Enghſp mile. 
it And then, from the numbers and analogies in 
e $11 and 14 of this Differtation, we find the mean 
g diſtances of all the reſt of the planets from the 
1 Sun in miles to be as follows. -Mercury's diſ- 


le | tance, 36,841,468 3 Venus's diſtance, 68,891,486 5 
o Mars's diſtance, 145,014,148 ; Jupiter's diſtance, 
494.990, 976; and Saturn's diſtance, 907,956,130. 
ir So that, by comparing theſe diſtances with thoſe 
ſe in the Tables at the end of the chapter on the 
e Solar Syſtem “, it will be found that the dimen- 
al ſions of the Syſtem are much greater than what 
vas formerly imagined; and conſequently, that 
s thbe Sun and the planets (except the Earth) are 
„much larger tha as ſtated in that table. _ 

1 The Srridianſbter of the Earth's annual orbit 


o being equal to the Earth's mean diſtance from the 
nun, viz. 93,173, coo miles, the whole diameter 
e chereof is 190, 346, ooo miles. And ſince the cir- 
e cumference of a circle is to it's diameter as 355 18 
d to 113, the circumference of the Earth's orbit is 
s 597.989, 646 miles. bf Bog 
. And, as the Earth deſcribes this orbit in 368 
r days 6 hours (or in 8766 hours) it is plain that 
eic travels at the rate of 68, 216.9 miles every hour, 
and confequently 1136.9 miles every minute; ſo 
, I that it's velocity in it's orbit is at leaſt 142 times 
„as great as the velocity of a cannon- ball, ſuppoſing 
0 the ball to move through 8 miles in a minute, 
f which it is found to do very nearly: and at this 
t rate it would take 22 years 228 days for a cannon- 
g ball to go from the Earth to the Sun. | 
$ On the 3d of Zune, in the year 1769, Venus 
1 will again paſs over the Sun's diſc, in ſuch a man- 
e ner, as to afford a much eaſier and better method 
n of inveſtigating the Sun's parallax than her tranſit 
e = ; 
0 2 Fronting page 40. 
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in the year 1761 has done. But no part of Britain R 
will be proper for obſerving that tranſit, ſo as to he 
deduce any thing with reſpect to the Sun's paral- tr 
lax from it, becauſe it will begin but a little be- ſe 
fore ſun- ſet, and will be quite over before 2 o'clock * 
next morning. The apparent time of conjunction p: 

of the Sun and Venus, according to Dr. HALL Zv's re 
Tables, will be at 13 minutes paſt 10 o'clock at W 
night at London; at which time the geocenttic | 
latitude of Venus will be full 10 minutes of a de. 5 
gree north from the Sun's center: and therefore, 
as ſeen from the northern parts of the Earth, 
Venus will be conſiderably depreſſed” by a parallax 50 
of latitude on the Sun's diſc; on which account, 1 

the viſible duration of the tranſit will be length- WF 
ened: and in the ſouthern parts of the: Earth ſhe E 
will be elevated by a parallax of latitude on the Sun, - 
which will ſhorten the viſible. duration of the tranſit, 
with reſpect to it's duration as ſuppoſed to be ſeen 9 

from the Earth's center; to both which affections q 
of duration the parallaxes of longitude will alſo 1 
conſpire.---So that every advantage which Dr. 8 
HaLLEy expected from the late tranſit will be found 8 


in this, without the leaſt difficulty or embar- 
raſſment. It is therefore to be hoped, that nei- 
ther coſt nor labour will be ſpared in duly obſerv- 
ing this tranſit; eſpecially as there will not be ſuch 
another ent, ein in less chan . years 
afterward. | 
Tube moſt proper places ** n che tranſit 
in the year 1769 is in che northern parts of Lap- 
land, and the Solomon Iſies in the great South-Sea; 
at the former of which, the viſible duration be- 
tween the two internal contacts will be at leaſt 22 
minutes greater than at the latter, even though the 
Sun s parallax ſhould not be quite 9 If it be 
9” (which is the quantity I had aſſumed in a deli- 
5 of this tranſit, which I gave in to the 
Royal 


of the Planets from the Sun, 


Royal Society before I had heard what Mr, Short 
had made it from the obſervations on the late 
tranſit) the difference of the viſible durations, as 
| ſeen in Lapland and in the Solomon Jes, will be as 
expreſſed in that delineation; and if the Sun's 
parallax be leſs than g” (as I now have very good 
reaſon to believe it is) the difference af durations 
will be leſs accordingly. | 


x 
0 


—— 
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March 26th, 1772. 


By comparing the obſervations made in different 
parts of the Earth on the tranſit, A. D. 1769, and 
taking the reſults of theſe which appear to be moſt 
depended upon; ſome make the Sun's parallax, at his 
mean diſtance from the Earth, to be 8“. 60459, and 
others make it 80.84. According Io the former of 
theſe, the Sun's mean diſtance from the Karth is 
95,109,730 miles; and according to the latter it is 
95,8 34,742. By theſe, and what was deduced from 
the tranſit A. D. 1761, we may reſt ſatisfied that the 
Sun's mean diſtance from the Earth is more than 95 
millions of miles, and leſs than 96. | 
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Hin ei by the Planets, proportional t fo the Long 


Aenne the great Abattiges ariſing from it both i in our 

religious and civil concęrus, 14. 

Diers he laws by which the Planets more, god 
are retained in their Orbits, 2 | 
BY 4:moſphere, the higher the thinner, ** Aid ee 
les prodigious expanſion, ib1d. e ane gn 
It's whole weight on the Earth, 175. 5 
1 "thought to be heavieſt when it is lighteſt, 


1 19 2 1 42 443888 W ab 5 
;6 


f Withour i it = Heavens ; would appear | dark in the re 
time, 17 e r 
Is the WY If Twilight, W e kene e en 
It's height, ibid, 
Refracts the Sun's rays, 178. CY 
Cauſeth the Sun and Moon to appear above the Hori- | 

zon when they are really below it, ibid. 8 
Fe eye d deceives us in the bulk and diſtance of ets 
185. 5 | 3 

EET 101 105. rtr u 0 8 
Decreaſes as the ſquare of FEY aikance WN TY 
Greater in the larger than in the ſmaller Planets, 1 58. 
Greater in the Sun than in all the Planets if put to- 


=F gcther, ibid. 
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Ares of the Planets, what, 19. 


Their different oſitions th reſpe one * 
3 20k. A 4 l N N 


Avis of the Earth, it's W 202. 


It's — variable as ſeen from the Sun or Moon, 


tis 338. t the” Phenometia thence ariſing, 340. fr 
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Beaies, on the Earth, loſe of their weight the nearer ay 
are to the Equator, =. 
How they might loſe afl their weight, 1. h 
How they — 1 167. 1 
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Calculatir (an Tiirument) Yicibed, 299. . 

Calendar, how to inſcribe the Golden N umbers right i in it 
for ſhewing the days of New Moons, 386. 

Cannon- Ball; it's ſwiſtneſs, 89. 
In what times it would fly from the Sun to the differ- 

ent Planets and fixed Stars, ibid. 
b bis account of a double Star eclipſed * the 
oon, 58. | 

His Diagrams of the Paths'« of the Pat il. 

Cats OE he ee, . WIE 
Oft the Conſtellations an Stars, 362. 4 i | 
Of remarkable Eras and. Events, 396. 5 

Celęſtial Globe improved, 41 

Ceniripetal and centrifugal forces, bow they. alternately 

"overcome each other in the motions of the Planets, 

I$257154- now zs 4 

Changes i int * 366. ee 

Circles, of perpetual Apparition and Occultatjon, 128. 
Of the Sphere, 198. 
Contain 360 Degrees, Aber they: be este or mall, 

Coil 255 8 aa, 

COLUMBUS, Crnntormis) his ſtory concerning an 
" Eclipſe, 330. 


# 
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Clocks and Watches, an eaſy method of knowing whether 


they go true or falſe, 22 
Why. OY {om ages ve i the Sun if they go true, 
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Clocks and Watches, how to regulate them by Equation 

Tables and a Meridian Line; 223, 226. 

g Cloudy Stars, 365. - 

EECometarium (an loſtrument) delerided; 400, 

CE Conftellations, ancient, their numbes, 3599 1 

I The number of Stars in each, n to > different 
Aſtronomers, 362. 


Cycle, *. Lunar, and Rowiſh, 383. 
1 __ D. 


EE Darkneſs at our SAvIOuUR's crotifixicn ſupernatural, 3905. 
Day, natural and artificial, what, 380. 
And Night, always equally long at the Equator, 126. 
Natural, not compleated in an abſolute turn of the 
E Earth on it's Axis, 222. 
EE Degree, what, 207. 
t IDigit, what, 336, u. 
Direction, (Number of) 389. 
EE Diflances of the Planets rm * Sun, an idea thereof, 89. 
A Table thereof, 98. 
How found, 190; and in the Diſſertation on the 
„ Tranſit of Venus, Chap. XXIII. 
¶Diurnal and annual Motions of the Earth aa, 20% 
202. 
EI Diminical Letter, 390. . 
Double projectile force, a balance to a Quadruple power of 
Gravity, 153. 


Double Star covered by the Moon, 58. | 


E. 


Earth, it's Bulk but a 1 as foil from the Sun, 3. 
It's [Diatiieeir, annual Period, and Diſtance from mo 
Sun, 47. 
Turns round it's Axis, ibid. 
Velocity of it's equatorial i ibid. 
Velocity in it's annual Orbit, ibid. 
Inclination of it's Axis, 48. | 
Proof of it's being globular, or We ſo, 49, 314. 
Meaſurement of it's ſurface, 50. 
PO between it's equatorial wy polar Diameters, 
7 
It's motion round the Sun demonſtrated by gravity, 
5 . 108, 


* * bY I ky Q be $0 - % =? + 5 N * NR 
2 C A ⁵ VU EPS RIC 7 r . 


— 


IND E x. 


168, 111. * Dr. Ba APDT EY obſervations, 111 
by the Eclipſes of Jupiter's Satellites, 219, 
Barth, it's diurnak motion highly probable from the 4 
ſurdity that muſt follow upon ſuppoſing it not to mot 
111, 122. and demonſtrable from It's hgure, 116, th 
motion cannot be felt, 119 
Objections againſt It's motion anſwered, 112, 121. 
It has no ſuch thing as an upper or under fide, 129 
in what caſe it might, 123. 
The ſwiftneſs of it's motion in it's Orbit compari 
with the velccity pf light, 197. | 
It's diurnal and aunhal motions illuſtrated by an eh 
experiment, 200. 
Proved to 5 leſs than the Sun, and a digger than th 
Eaſter Cycle, 388. x 
Eclipſareon (an Inſtrument) deſcribed, 405.. 
Eclipſes of Jupiter's Satellites, how the Longitude | 8 | 
found by them, 2124 they demonſtrate the velocity dl 
b . 
Of the Sun and Moon, 312—350. _ 
Why they happen not in every month, . 
When they muſt be, 317. 
Their Limits, ibid. © 
Their Period, 320. * 
A diſſertation on their progreſs, ibid. 
A large Catalogue of them, 327. 
Hiſtorical ones, 328. | 
More of the Sun than of the Moon, and why, 331. 
The proper Elements for their calculation and profes 
tion, 353. 
Ecliptic, it's Signs, their names and characters, 91. 5 
Makes different Angles with the Horizon every bor 
and minute, 27 5. how theſe Angles may de eſti· 
mated by the poſition of the Moon's horns, 260 
It's obliquity to the Equator leſs now than it was for- 
Elimgations, of the Planets, as ſeen by an obſerver at re WG) 
on the outſide of all their Orbits, 133. - | 
Of Mercury and Venus, as ſeen f:om the Earth illu- 8 - 
trated, 142. it's quantity, 143. : 
Af Mercury, Venus, the Earth, Mars, and Jupiter : 
their quantities, as ſeen from Saturn, 23%. + 2 
Equation of time, 224 —245 
Equator, day and _ always equal there, 126. 


Eguam 
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Equator makes always the ſame Angle with the Horizon 
of the ſame place; the Ecliptic'not, 274, 275. 
Eguinoctial Points, in the Heavens, their preceſſion, 246. 
a very different thing from the receſſion or anticipa- 
tion of the Equinoxes on Earth, the one no ways oc- 


caſioned by the other, 249. 


Eras or Epochs, 336. 
Excentricities of the Planets Orbits, 158. 
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Fallacies in judging of the bulk of objects by their appa- 
rent diſtance, 185. applied to the ſolution of the ho- 
rizontal Moon, 187. Mm | 
Firſt Meridian, what, 207. . 
Fixed Stars, why they appear of leſs magnitude when 
viewed through a teleſcope than by the bare eye, 354. 
Their number, 355. 5 8 
Their diviſion into different Claſſes and Conſtellations, 


358, 359. 

1 
Ceneral Phenomena of a ſuperior Planet as ſeen from an 
inferior, 149. 


Gravity, demonſtrable, 101—104. | : 
Keeps all bodies on the Earth to it's ſurface, or brings 


their weight, 101, 122. | 
Retains all the Planets in their Orbits, 103. 
Decreaſes as the ſquare of the diſtance increaſes, 106. 
Proves the Earth's annual motion, 108. 


aur Demonſtrated to be greater in the larger Planets than 
ft in the ſmaller; and ſtronger in the Sun than in all 
5 the Planets together, 158. | 
ol. Hard to underſtand what it is, 10. 
Ads every moment, 162. 
rel be, (Celeſtial) improved, 41. 
1 rat Tear, 251. 


H. 


armony of the ce'eftial motions, 1 1. 

arveſt- Moon, 273— 293. | 
None at the Equator, 273. £ 

ay 4 | Fo H. arve/t- 


them back when thrown upward ; and conſtitutes 
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Haroeft- Moon, remarkable at the Polar Circles, 285. 
In what years moſt and leaſt advantageous, 292. 
Heat, decreaſes as the ſquare of the diſtance from the Sun 
increaſes, 169. 
Why not greateſt when the Earth is | neareſt the Sun, 
205. 
Why greater about three 0· Clock in the afternoon than 
when the Sun is on the Meridian, 300. | 
Heavens, ſeem to turn round with different velocities 3 
ſeen from the different Planets ; and on different Axe 
as ſeenifrom moſt of them, 120. 


Only one Hemiſphere of them ſeen at once from any 


one Planet's ſurface, 125. 
The Sun's Center the only point from which their tru 
Motions could be ſeen, 1 35» 
Changes in them, 366. 
Herizon, what, 125, 1 


Horizontal Mon explained, 187. 


Horizontal Parallax, of the Moon, 190; of FE Sun, 
191; beſt obſerved at the Equator, 193. 
Hour Circles, what, 208. 
Hiur of time equal to 15 degrees of motion, ibid. 
How divided by the Fews, Chaldeans, and Arabian; 
382. 


HuyGEenTvs, his thoughts concerning the diſtance of 
ſome Mare, 5. | 


1. 


Inclination of Venus's Axis, 29. 


Of the Earth's, 48. 

Of the Axis or Orbit of a Planet only relative, 201. 
Inhabitants of the Earth (or any other Planet) ſtand on 

oppoſite ſides with their feet toward one another, yet 

each thinks himſclf on the upper ſide, 122. 


J. 


* 


Julian Period, 393. 


Jupiter, it's diſtance, diameter, diurnal and annual revo- 


lutions, 67—09. 

The Phenomena of it's Belts, 70. 
Has no difference of ſeaſons, 71. | 
Has four Moons, 72. their grand Period, 73. 


— which their Orbits ſubtend as ſeen i 
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the 1 74. moſt of them are eclipſed in every 
revolution, 75. 
Jupiter, the great difference between it 8 equatorial and 
polar diameters, 70. 
The inclination of it's Orbit, and place of it's Aſcend- 
ing Node, 77. 
The Sun's light 3000 times as ſtrong on it as Full 
Moon light is on the Earth, 85. 
Is probably inhabited, 86. 
1 3 ſtrength required to 2 it in motion, 


4 The gue of the Paths deſenbed by it's Satellites, 269. 
2 


Light, the 1 ſmallneſs * it's particles, 165; 
and the great miſchief they would do if they were 
larger, 166. 

It's ſurpriſing velocity, 166. compared with the ſwiſe- | 
neſs of the Earth's annual motion, 197. 

Decreaſes as the ſquare, of the diſtance from the lumi- 
nous body increaſes, 169. 

Is refracted in pailing through different Mediums, 
171—173. 

Aﬀords a Ws of the Earth's annual motion, 197, 

| 21 

WM 3 time it comes from the Sun to the Earth, 216 

this explained by a figure, 217. 

Limits of Eclipſes, 317. | 

Line, of the Nodes, what, 317; has a retrograde ma- 
tion, 319. 

Of Sines and Chords, how to make, 369. 

Loxo (Rev. Dr.) his method of comparing the quan- 

tity of the ſurface of dry Land with that of the Sea, 


31. 

His glaſs whexe, 126. | 
Longitude, how found, 207—21 3. . 
Lucid Spots in the Heavens, 364. 
Lunar Cycle . 35 5. 


M. 


Aa Clouds, 365. 

Man, of a middle fize, how much preſſed by the weight 
* 1 Atmoſphere, 1753 Why this preſſure is not felt, 

ibid. 


. Mars, 
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Mais, it's Diameter, Periof, Diſtance, and other Phe. 
_ nomena, 64—67 
Matter, it's properties, 99. | | 
Mean Anomaly. what, 2 . 
Mercury, it's Diameter, eriod, Diſtance, ee. 22. 
Appears in all the ſhapes of the Moon, 23. 
When it will be ſeen on the Sun, 24. 
The inclination of it's Orbit and Place of it's Aﬀcent- 
ing Node, ibid. 
It's Path delineated, 1 38. 
Experiment to der, its " Phaſes and apparent Motion, 
142; 
Mercury (Quickſilver) in the Barometer, why not af- 
feed by the Moon's raifing Tides in the Air, 311. 
Meridian, firſt, 207. 
Line, how to draw one, 226. 
Milky Way, what 363. 
Months, Fewiſh, Arabian, E eben. and Grecian 278. 
Mon, ber Diameter and Period 52. 
Her Phaſes, 5 3, 255. © PERL 0 
| Shines not by her own hebt, 54. * 
Has no difference of ſeaſons, 55. Nad 
The Earth is a moon to her, 56. : , 
Has no ehen ved ny viſible Donley, 58; nor 
Seas, 59. 
How her inhabitants 1 may be ſuppoſed to meaſure the 
year, 62: *- | 
Her light compared with daylight, 8 | inde opt 
The excentricity of her Orbit, g. 
Is nearer the Earth now than ſhe enneformey; PRO 
Appears bigger on the Horizon than at any conſider- 
able height above it, and why, 1873 yet is feen 
much under the ſame Angle in both caſes, 188. 
Her ſurface mountainous, 252; if ſmooth, * could 
give us no light, ibid. 
W hy no hills appear round her edge, 2 33. 
Has no Twilight, 254. 
Appears not always quite round when ful, 236. 
Her Phaſes agreeably repreſented by a a globular Stone 
viewed in Sunſhine when ſhe is above the Hori- 


— 


Zon, and the obſerver placed as if he ſaw her on * 


top of the Stone, 258. | 8 
Turns round her Axis, 262. gra 
The length of her Solar and Sydereal ay ; ain.” 
Her n and Nene e "Ie 
J 
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I Nbg. 
by the motions of the hour and minute hands of a 
Watch, 264. 8 
Aon; her Path delineated, and ſhewn to be always con- 
cave to the Sun, 265268. 
Her motion alternately retarded and accelerated, 267. 
Her gravity toward the Sun greater than toward the 
Earth at her Conjunction, and why ſhe does not 
then abandon the Earth on that account, 268. 
| Riſes nearer the time of Sun ſet when about the full 
in harveſt for a whole week than when ſhe is about 
the full at any other time of the year, and why, 
273—284 : this riſing goes through a courſe of in- 
crealing and decreaſing benefit to the farmers every 
19 years, 292. 
Continues above the Horizon of the Poles. for fourteen 
of our natural days together, 29 + f 
Proved to be globular, 314; and to be leſs than the 
Earth, 315. 
Her Nodes, 317; aſcending and deſcending, 3 185 their 
retrograde motion, 319. | 
Her acceleration proved from antient Eclipſes, 322, 1. 
Her Apogee and Perigee, 330. 
Not inviſible when ſhe is totally clivled, and why, 346. 
How to calculate her Conjunctions, Oppoſitions, and 
Eclipſes, 353. 
How to find her Age in any Lunation by the Golden 
Number, 4.23. 
Morning and Evening Star, what, 14 5. 
Motion, naturally rectilineal, 100. | 
Apparent, of the Planets as ſeen by a 3 at reſt 
on the outſide of all their Orbits, 133; and of the 
Heavens as ſeen from any En, 154. 


* 


Natural Day, not compleated in che time that the Lan 
turns round it's Axis, 222. | 

New and Full Moon, to calculate the times of, 35 3. 

New lars, 366; cannot be Comes, 367. 

New Stile, it's original, 377. 


ö Nodes, of the Planets Orbits, their places in the Eelip- 


tie, 20. 

Of the Moon's Orbit, 317. their retrograde motion, 379. 
2 mal Degree, what, 259. 
Number Direction, 389. 2 ehe py 
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ot, '» we often miſtake their bulk 5 miſtaking thele | 


diſtance, 185. 
Appear bigger when ſeen through a fog than through 
Clear air, and why, ibid. this applied to the ſolution 
of the Horizontal Moon, 187. | 
Oblique Sphere, what, 1 31. 
Ohmpiads, what, 323, % _ 
Orbits of the Planets not ſolid, 21. 
Orreries deſcribed, 397, 398, 399» 
| P, 
Parallax, Horizontal, what, 190. 
Parallel Sphere, what, 131. 
Path of the Moon, 265-267. 
Of Jupiter's Moons, 269. | 
Pendulums, their vibrating flower at the e than 
near the Poles proves that the FA, turns on it's 
Axis, 117. 
. Penumbra, what, 336. 
It's velocity on the Earth in Solar Eclipſes, 337. 
Period of 1 320, 326. 
Phaſes of the Moon, 255. 
Planets, much of the ſame nature with the Earth, II, 
Some have Moons belonging to them, 12. 
Move all the fame way as ſeen from the Sun, but not 
._ as ſeen from one another, 18. 
Their Moons denote them to be inhabited, 86. 
The proportional breadth of the Sun's Diſc, as ſeen 
from each of them, 2h | 
Their proportional bulks as ſeen from the Sun, 88. 
An idea of their diſtances from the Sun, 89, 
Appear bigger and leſs by turns, and why, 90. 
Are kept in their Ollie oy ars Power of gravity 101, 
ei | 


TY; Tr 


ger motions _— iregular as ſeen” from the Earth, | 


The euer abi of Wau 10 Venus del. | 


by Pencils in an Orrery, 138. 
838 of all the reſt as ſeen from Saturn, N. 
Deſcribe equal areas in equal times, 153. 
The excentricities of their Orbits, 155. 


5 what times they would fall to the Sun by the power 8 


_ of gravity, 1 57. * 
any 


Pt 
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IN DE N. | 
Planets; diſturb one another s motions, the conſequence 
thereof, 163. 
Appear dimmer when ſeen through teleſcopes than by 
the bare eye, the reaſon of this, 170. 
Planetary Globe deſcribed, 402- 
Polar Circles, 1998. $50 
Piles, of the Planets, what, 19. 
Of the world, what, 122. | 
Celeſtial, ſeem to keep in the: ſame points of the Hea- 
vens all the year, andwhy, 196. 
Projefile Force, 150; if doubled, would require a qua- 
druple power of gravity to retain the Planets in their 
Orbits, 153. 
Is evidently an impulſe Fu the Rang of the Aer 
. MIGHTY, I6r. 
Preceſſion of the Equinoxes, 246—2 FEM 
PROP i 1 abſurd, 96, 140. | 


R. 


Nays of 1 when not diſturbed, move in ſtraight lines? 
and hinder not one another's motions, 168. 
Are refracted in paſſing through different mediums, 171. 
| v of the Atmoſphere, cauſes the Twilight, 177. 
Refraftion of the Atmoſphere bends the rays of Light from 
ſtraight lines, and keeps the Sun and Moon longer in 
fight than they would otherwiſe be, 178. 
A ſurpriſing inſtance of this, 183. 
Muſt be allowed for in taking the Altitudes of ihe 
celeſtial bodies, ibid. | 
Right Sphere, 1 2 


| bali, the times of their revolutions round their 3 

mary planets, 5 2, 73, 80. 

Their Orbits compared with 2 otbey who the 
Orbits of the primary Planets, and 7 the Sun's 
circumference, 27 1. | 


W What ſort of Curves they deſcribe; 272. | * 
. e with his Ring and . _ Phenomena, 
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79,182. 

The Sg s light 1000 times as long to Saturn as the 
light of this Full Moon is to us, 85. 

The Phenomena of his Ring farther deri 204. 
ur bleſd Saviour, the darkneſs at his Crucifixion ſu- 
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Our bleſſed Saviour; the prophetic year of his Crucifxioh 
found to agree with an aſtronomical calculation, 395, 
Sraſons, A ent, illuſtrated 11 an eaſy parton 200; 
by a figure, 202. 

Shadow, what, 312. | 

Sydereal Time, what, 221; the number of Sydereal 
Days in a year exceeds the number of Solar Days hy 
one, and why, 222. 
An eaſy method for regulating Clocks and Watches 

by it, 223. 

38311 TH, (Rev. Dr.) his compariſon between Moon-ligh 
and Day-light, 85. 
His demonſtration that light gerne as Ss ſquare of 
the diſtance from the luminous body increaſes, 169. 
Mr. GEoRGE) his Diſſertation on the Progreſs of: 
ſolar Eclipſe ; following the Cables at 320. 

Solar Aſtronomer, the judgment he might be ſuppoſed tg 
make concerning the Planets and Stars, 135, 136, 

Sphere, parallel, oblique, and right, 131. 
It's Circles, 198. 

Spring and Neap Tides, 302. IL > 

Stars, their vaſt diſtance from the Earth, 3 196. J 
Probably not all at the ſame diſtance, 4. wil 
Shine by their own light, and are "therefore Suns, A |S 


probably to other worlds, 8. IK 
A proof that they do not move round the Earth, 111. Wi 
Have an apparent ſlow motion round the Poles of the Wi | 


Ecliptic, and why, 251. 
A Catalogue of them, 362. 
Cloudy, 36 5. 
New, 366. 
Some of them change their places, Pata 
Starry Heavens have the ſame appearance from any pat 
of the Solar Syſtem, 132. 
SUN, appears bigger than the Stars, and why, 4. 
Turns round his Axis, 18. I 
His proportional breadth as ſeen from the different 
Planets, 87. 88 


On tA... 


| | Deſcribes unequal arcs above and below the Horizon WW 
3 at different times, and why, 130. b O 
His center the only place from which the true motions Ol 
= of the Planets could be ſeen, 135. wy Ot 
Ts for half a year together viſible at 4” Pole in its 
turn, and as long inviſible, 200, 294. | 1 
Is nearer the Earth in Winter than in Summer, 205. 


Why his motion agrees ſo ſeldom with the motion ol 
- N Clock, 224—245: Fs 
UN 
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| XN, w 3 more than alt the Moon's Orbit, 2 | 
| N proved to be much bigger than the Earth, and the 


1 Earth to be bigger than the Moon, 315. W's 
11922 the Solar, 17—95; the * 9535 the 
5 a 27. ; 
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| Table of the Periods, 83 M agnitudes, Diſtances, 
Sc. of the Planets, facing 8 99. 
TH Of the Air's rarity, compreflion, and expanſion at dif- 
1 ferent heights, 174. 
Oft refractions, 182. 
For converting time into motion, and the reverſe, 220. 
For ſhewing how much of the celeſtial Equator paſſes 
3 over the Meridian in any part of a mean Solar Day; 
and how much the ſtars accelerate upon the mean 
Mm | Solar time for a month, 221. | 
Of the firſt part of the Equation of time, 2093 5 of 
the ſecond part, 241. 
Of the preceſſion of the Equinox, 247. | 
Of the length of Sydereal, Julian, and r Vears, 


Of 5 Sun's place and Anomaly, 
„Of the Equation of natural Days, 5 
Oft the Conjunctions of the hour. and minute hands 
of a Watch, 264. | 

be Of the Curves: deſcribed by the Satellites, 272: 

Of the difference of time in the Moon's riſing and 
ſetting on the parallel of London every oy Haring 
her courſe round the Ecliptic, 277. | 

Of the returns of a Solar Eclipſe, 320. 
wy Of Eclipſes, 327. | | 
For calculating New and Full Moons and Ecliples, 
EF following 
BY Of the Conftellations and number of the Stars, 362. 
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